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PLENARY LECTURES
Artificial intelligence methods for discovering novel materials and exotic
compounds
Oganov A.R.
Skolkovo Institute of Science and Technology, Moscow, Russia
E-mail: a.oganov@skoltech.ru
Until mid-2000s it was thought that crystal structures are fundamentally
unpredictable. This has changed, and a special role in this was played by our
evolutionary method/code USPEX (http://uspex-team.org), which now has over 6800
registered users worldwide. This method can be viewed as a type of artificial
intelligence, and routinely allows one to predict stable crystal structures for a given
chemical composition], and even to predict all stable compounds formed by given
elements. I will discuss some of the most important recent results, including:
1. Discovery of novel chemical phenomena at high pressure: transparent non-metallic
allotrope of sodium, counterintuitive novel sodium chlorides, chemical reactivity of
helium.
2. Prediction of novel surface compounds, with unexpected similarities to highpressure compounds.
3. Prediction of new high-temperature superconducting polyhydrides, approaching
room-temperature superconductivity.
4. Discovery of novel superhard materials, which have the potential for wide
industrial application.
I will also mention some applications of another type of artificial intelligence:
machine learning methods, including recent prediction of phase diagrams of metals
(including both solid-solid transitions and melting).
Computational materials discovery:
 Oganov A.R., Saleh G., Kvashnin A.G. (Editors). Computational Materials
Discovery. Royal Society of Chemistry. ISBN: 978-1-78262-961-0. (2018).
 Oganov A.R., Pickard C.J., Zhu Q., Needs R.J. (2019). Structure prediction
drives materials discovery. Nature Rev. Mater. 4, 331-348.
USPEX method:
 Oganov A.R., Glass C.W. (2006). Crystal structure prediction using ab initio
evolutionary techniques: principles and applications. J. Chem. Phys. 124,
244704.
 Lyakhov A.O., Oganov A.R., Stokes H.T., Zhu Q. (2013). New developments
in evolutionary structure prediction algorithm USPEX. Comp. Phys. Comm.
184, 1172-1182.
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 Bushlanov P.V., Blatov V.A., Oganov A.R. (2019). Topology-based crystal
structure generator. Comp. Phys. Comm. 236, 1-7.
Mendelevian search:
 Allahyari Z., Oganov A.R. (2020). Coevolutionary search for optimal materials
in the space of all possible compounds. NPJ Computational Materials 5, 55.
Novel high pressure compounds and phases:
 Dong X., Oganov A.R., Goncharov A.F., Stavrou E., Lobanov S., Saleh G.,
Qian G.R., Zhu Q., Gatti C., Deringer V., Dronskowski R., Zhou X.-F.,
Prakapenka V., Konopkova Z., Popov I., Boldyrev A.I., Wang H.T. (2017). A
stable compound of helium and sodium at high pressure. Nature Chemistry 9,
440-445.
 Zhang W.W., Oganov A.R., Goncharov A.F., Zhu Q., Boulfelfel S.E., Lyakhov
A.O., Somayazulu M., Prakapenka V.B., Konopkova Z. (2013). Unexpected
stoichiometries of stable sodium chlorides. Science 342, 1502-1505.
 Ma Y., Eremets M.I., Oganov A.R., Xie Y., Trojan I., Medvedev S., Lyakhov
A.O., Valle M., Prakapenka V. (2009). Transparent dense sodium. Nature 458,
182-185.
High-Tc superconductivity:
 Semenok D.V., Kruglov I.A., Savkin I.A., Kvashnin A.G., Oganov A.R.
(2020). On distributions of superconductivity in metal hydrides. Curr. Opin.
Solid State & Mater. Sci. 24, 100808.
 Semenok D.V., Kvashnin A.G., Ivanova A.G., Svitlyk V., Fominski V.Yu.,
Sadakov A.V., Sobolevskiy O.A., Pudalov V.M., Troyan I.A., Oganov A.R.
(2020). Superconductivity at 161 K in thorium hydride ThH10: synthesis and
properties. Materials Today 33, 36-44.
 Kruglov I.A., Semenok D.V., Song H., Szczesniak R., Wrona I.A., Akashi R.,
Davari Esfahani M.M., Duan D., Cui T., Kvashnin A.G., Oganov A.R. (2020).
Superconductivity of LaH10 and LaH16 polyhydrides. Phys. Rev. B101,
024508.
 Salke N., Davari Esfahani M.M., Zhang Y., Kruglov I.A., Zhou J., Wang Y.,
Greenberg E., Prakapenka V.B., Liu J., Oganov A.R., Lin J.-F. (2019).
Synthesis of clathrate cerium superhydride CeH9 below 100 GPa with atomic
hydrogen sublattice. Nature Comm. 10, 4453.
 Kvashnin A.G., Semenok D.V., Kruglov I.A., Wrona I.A., Oganov A.R.
(2018). High-temperature superconductivity in a Th-H system under pressure
conditions. ACS Appl. Mater. Interf. 10, 43809-43816.
 Semenok D.V., Kvashnin A.G., Kruglov I.A., Oganov A.R. (2018). Actinium
hydrides AcH10, AcH12, AcH16 as high-temperature conventional
superconductors. J. Phys. Chem. Lett. 9, 1920-1926.
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Hot pressing and Spark plasma sintering of MgO-Y2O3 IR- ceramics
Permin D.A. 1,2, Belyaev A.V. 1, Balabanov S.S. 1, Boldin M.S. 2, Koshkin V.A. 1
1
G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the RAS, Nizhny
Novgorod, Russia
2
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: permin@ihps-nnov.ru
Recently, MgO-Y2O3 nanocomposite ceramics have attracted much attention
owing to their superior mid-infrared transmission, low heat emissivity, high
mechanical properties, moderate thermal properties, and high thermal shock
resistance. Normally opaque or translucent composite ceramics can be made
transparent if the grain size is smaller than the wavelength of interest. The two most
commonly used methods to produce MgO-Y2O3 IR-ceramics are Spark plasma
sintering (SPS) and Hot pressing (HP). Both of them use simultaneous heating and
mechanical pressing, but instead of conventional resistive heating, SPS method is
based on the controlled heating via a sequence of DC pulses. The aim of this work
was to evaluate features of spark plasma sintering (SPS) and hot pressing (HP) of
MgO-Y2O3 ceramics.
The initial powders were obtained by self-propagating high-temperature
synthesis (SHS) using yttrium and magnesium nitrates, and glycine. According to Xray diffraction analysis, the SHS-product is a mixture of cubic phases of yttrium and
magnesium oxide with an average crystalline size of 20-30 nm. The morphology of
the powders is characterized by the presence of loose porous agglomerates consisting
of primary particles with an average size of 50-100 nm. The infrared spectra confirm
contamination of the prepared nanopowders hydroxyl and carboxyl groups. A
significant decrease in impurities content occurs in the powders annealed at 1000 °C.
The SPS is more technological and offers higher heating rates (shorter sintering
cycle), while HP would ensure more uniform heating of a dielectric ceramic body.
Both the SPS and HP ceramics show dense microstructure with fine grains, the
average grain size is about 150 nm for SPSed and 100 nm for HPed samples. The
SPS-sample obtained at a temperature of 1150 °C has the maximum transmission
(80.9% at a wavelength of 5 μm). The optimal temperature for hot pressing of MgOY2O3 ceramics is 1400°C. So the SPS cycle is 5 times faster compared to HP,
moreover, the maximum temperature is about 200 degrees lower. At that, HP leading
to the production of samples with the transmission of 83.6% at a wavelength of 5 μm.
The chosen methods allow the sintering of ceramics with a density of more than
99% while maintaining an average grain size of 100-150 nm. The best results at this
stage are achieved by the method of hot pressing with indirect heating. The
transmission of these samples in the infrared range corresponds to the best published
results.
Aknolegement: The study was funded by the Russian Science Foundation
(research project No. 19-73-10127).
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The role of plastic deformation in the shrinkage during SPS
Boldin M.S., Popov А.А., Lantsev E.A., Nokhrin А.V., Chuvildeev V.N.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: boldin@nifti.unn.ru
Alumina is one of the promising ceramic materials for a wide range of
applications due to the combination of its high hardness, heat, and chemical
resistance. These qualities of alumina can be fully used only with a fine-grained
structure of these ceramics. There are at least two effective approaches to obtain a
fine-grained structure in alumina-based ceramics: application of additives and using
of well-controlled sintering methods like Spark Plasma Sintering (SPS). The SPS
method is based on the controlled heating of the powder material in a graphite mold
via a sequence of DC pulse with a simultaneous application of uniaxial mechanical
stress.
There are a lot of articles about SPS of alumina ceramics, but none of them
provides a thorough analysis of the sintering kinetics of each of the stages of the
sintering process and the investigation of the role of the additives at each of these
stages. So the main purpose of this work is the investigation of the initial,
intermediate, and final stages of sintering of alumina ceramics during SPS.
The starting materials used in this study were the micro- and submicro- Al2O3
(alumina) powders.
The kinetic of solid state sintering can be described as a sequence of initial (I st),
intermediate (IInd) and final (IIIrd) sintering stages. Which can be separated by
density: as below 70%, from 70%-90% and higher than 90%.
Under the constant heating rate conditions the temperature Т1 (transition
between stages I and II) does not depend on the alumina powder particle size. The
activation energy corresponds to the grain boundary diffusion of alumina (Q = 380
kJ/mol).The shrinkage during the IInd stage can be described as the plastic
deformation of a continuous porous material. In this case, the value of the strain rate
can be found by experimental data. On the other hand, the dependence of powder
shrinkage on time at a fixed temperature and applied pressure can be described as a
plastic deformation by grain boundary sliding. The high value of the strain rate (~10 -3
с-1), the dependence of the strain rate on the grain size, and the value of the activation
energy show that the rapid shrinkage at the intermediate stage is caused by the grain
boundary sliding mechanism.
The main features of the IIIrd stage. The first is that the temperature Т2
(transition between stages II and III) also does not depend on the presence of the
additives. The second one is that at this stage rapid grain growth starts. The third one
is that the additives impact only at this stage - the stage of grain growth.The study
shows that the plastic deformation is the main mechanism of shrinkage at the main,
IInd stage. The speed of this deformation is controlled by grain-boundary sliding.
This work was supported by the Russian Science Foundation (№ 20-73-10113).
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Особо чистые стекла на основе халькогенидов германия.
Получение. Свойства. Применение
Вельмужов А.П.
ИХВВ РАН, Нижний Новгород, Россия
E-mail: velmuzhov.ichps@mail.ru
Перспективными материалами для волоконной оптики среднего ИК
диапазона являются халькогенидные стекла – широкий класс стеклообразных
неорганических материалов, в состав которых входит сера, селен или теллур и
элементы 13-15 групп Периодической системы. Эти стекла обладают широкой
областью прозрачности в среднем ИК диапазоне (до 35 мкм), высокой
нелинейностью оптических свойств, повышенной химической устойчивостью
по сравнению с материалами на основе галогенидов металлов. Главными
преимуществами германийсодержащих халькогенидных стекол по сравнению с
другими халькогенидными стеклообразными материалами являются высокие
температуры стеклования (до 550С), обеспечивающие их термическую
устойчивость, и выраженная способность растворять редкоземельные
элементы, необходимая для изготовления оптически активных сред усилителей
и лазеров. Значительно меньшая токсичность соединений германия по
сравнению с соединениями мышьяка, входящих в состав мышьяксодержащих
стекол, является существенным преимуществом для медицинских применений.
В докладе представлены результаты разработок новых методов
получения особо чистых стекол на основе халькогенидов германия через
йодиды и низшие халькогениды p-элементов, с использованием селективных
химических транспортных реакций и сочетанием этих методов. Обсуждаются
результаты комплексного исследования физико-химических, оптических
свойств и кристаллизационной устойчивости стекол систем Ge – S – I, Ge – Ga
– S, Ge – Ga – Se и Ga – Ge – Te – I. Рассмотрены наиболее перспективные
области практического применения халькогенидных стекол в форме
оптических окон, линз и волоконных световодов. Особое внимание уделено
волоконно-оптическим сенсорным устройствам на основе халькогенидных
стекол, работающим в спектральном диапазоне 2–12 мкм. Обозреваются
возможности использования этих устройств для контроля химического состава
нефти и продуктов ее переработки; для обнаружения токсичных, наркотических и
взрывчатых веществ; для анализа крови, клеток и тканей человека, позволяющего
проводить диагностику различных заболеваний, в том числе онкологических, на
ранних стадиях. Обсуждаются дальнейшие пути развития проблемы получения особо
чистых стекол на основе халькогенидов германия.

Приведенные в докладе результаты исследований получены при
финансовой поддержке Российского научного фонда (Проекты №18-73-10083 и
№16-13-10251)и Российского фонда фундаментальных исследований (Проекты
№18-03-00408 и № 20-33-70118).
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SECTION 1. CHEMISTRY OF MATERIALS
Obtaining of selenium nanoparticles stabilized with chitosan and investigation of
their properties
Akimova E.S., Apryatina K.V., Smirnova L.A.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: elseakimova@gmail.com
A lack of selenium element in population in many countries of over the world causes
dozens of severe diseases as cardiovascular and oncological. So the problem of
creating such a form of selenium which provides readily maintaining in food and
easily uptake by the human organism is a priority task. According to scientific
knowledge, selenium nanoparticles possess high bioavailability and less toxicity.
The aim of our investigation was obtaining selenium nanoparticles stabilized with
chitosan, as well as determination of their sizes, biocompatibility and antioxidant
properties of ready composition.
We obtained the chitosan-selenium composition with the size of selenium
nanoparticles 7-9 nm. In experiments on lab rodents it was revealed that the organism
of rats gaining the selenium drug orally had high stress resistant in hypobaric hypoxia
conditions.
Besides we studied biocompatibility of chitosan-selenium composition (fig. 1). We
detected uniform distribution of fibroblasts on the surface of film. Moreover,
fibroblast had uniform growth and cell division. Such findings evidence to high
degree of adhesion and compatibility. Thereby we can conclude on the base of our
investigation that chitosan-selenium composition provides a better stability, a gradual
release and target delivering of selenium. These properties allow composition to be
used in relates of human and food industry.

Fig. 1. Photo of chitosan-selenium composition after incubation of fibroblast cells during 24 h.
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Study of the physicochemical properties of hevein
Amosov A.A.1 , Knyazev A.V. 1, Shipilova A.S. 1, Knyazeva S.S. 1, Ishmayana S. 2,
1
Soedjanaatmadja U.M.S. 2, Shushunov A.N. , M. Ptak3, M. Mączka3, Gusarova E.V. 1,
Kortikova A.E. 1
1
Lobachevsky University, Nizhny Novgorod, Russia
2
Universitas Padjadjaran, Jatinangor, West Java, Indonesia
3
Polish Academy of Sciences, Wrocław, Poland
E-mail: amosovaleksey@mail.ru
Hevein is a short-chain peptide consisting of 43 amino acid residues. It is the
main component of the vacuolar fraction of the Hevea Brasiliensis rubber latex. It
belongs to antimicrobial peptides (AMPs) and is part of innate immunity. The peptide
exhibits fungicidal activity against a wide range of pathogens: Botrvtis cinerea,
Fusarium culmorum, Fusarium oxysporum, Phycomyces blakesleeanus, Pyrenophora
tritici-repentis, Pyricularia oryzae, Septoria nodorum, Trichoderma. These properties
are associated with the presence of a chitin-binding site in the structure of the peptide.
It ensures the interaction of the peptide with the cell wall of the fungi, which leads to
their lysis.
AMPs are currently of interest in two areas of activity. First, as a new generation
of antibiotic substances. Unlike the classic antibiotics, they act on rather conservative
parts of microorganisms. And it is minimizes the likelihood of above mentioned
being resistant to peptides. And secondly, AMPs are used to create transgenic plants
with increased resistance to pathogenic microorganisms. At the same time, there is a
lack of information characterizing AMP in the scientific literature. Fundamental
knowledge is necessary for the development of such a promising direction and for a
more complete understanding of the AMPs action and the possibilities of their use.
In the present work the temperature dependence of heat capacity for hevein has
been measured for the first time over the temperature range from 5 K to 344 K using
by precision adiabatic vacuum calorimetry. Based on the experimental data, the
thermodynamic functions of the hevein, namely, the heat capacity, enthalpy H°(T) H°(0), entropy S°(T) - S°(0) and Gibbs function G°(T) - H°(0) have been evaluated
from the experimental values for the range from T → 0 K to 344 K. The lowtemperature X-ray diffraction was used for the determination of type phase transition
at 222.8 K and coefficients of thermal expansion. Also, using infrared (IR)
spectroscopy, the study of vibrations was carried out, and the secondary structure of
the peptide was analyzed. Raman spectroscopy (RS) revealed the autoluminescence
of hevein. The luminescence spectrum was obtained. The results of Raman
spectroscopy also indicate structural changes in the low-temperature region near 225
K, which confirms the presence of a phase transition studied by low-temperature
powder X-ray diffraction. Our plans include further study of short-chain biologically
active peptides, namely their physicochemical properties, as well as their extraction
from natural raw materials and the production of crystalline protein preparations.
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Trimer hexamethylene diisocyanate as coupling agents for
composites based on wood sawdust
Aparina L.M. 1, Kostryukov S.G. 1, Masterova Yu.Yu. 1, Kostryukov N.S. 2
1
National Research Mordovia State University, Saransk, Russia
2
Saint-Petersburg State University of Industrial Technologies and Design, St.
Petersburg, Russia
E-mail: kostryukov_sg@mail.ru
Currently, sawdust is used as a filler for wood particleboards with carbamide,
phenol, melamine and carbamide-melamine-formaldehyde resins as binders. The
main disadvantage of the latters is the emission of formaldehyde into the
environment. In this work we turned to the preparation and study of a wood-polymer
composite (WPC) obtained on the basis of a sawdust of coniferous species and a
trimer of hexamethylene diisocyanate (HMDI trimer).
For the preparation of WPC sawdust with a moisture content of less than 1% and
with a particle size of 2–3 mm was used. The binder (trimer HMDI) was introduced
in an amount ranging from 1% to 5% by weight of sawdust; a 30% solution in ethyl
acetate was previously prepared. The WPC preparation process included the
following stages: 1) impregnation of sawdust with a solution of isocyanate in ethyl
acetate; 2) pressing; 3) air conditioning. Some of the obtained WPC samples were
presented on the figure.
The study of the mechanical properties of WPC (on compression and tension)
was carried out on a universal testing machine Shimadzu Autograph AG-X Series.
The thermal stability of the composites was investigated using single differential
thermal analysis (SDTA). The formation of urethane bonds between the hydroxyl
groups of wood components and isocyanate was confirmed by IR spectroscopy.
All tensile diagrams for WPC samples have a linear section for the dependence
of mechanical stress on deformation in the region of low strain values and a nonlinear
section in the region of medium strain values till the destruction of the sample. On the
compression diagrams an initial nonlinear section was observed because of inelastic
deformation of the matrix polymer with the linked filler; then two characteristic
regions with linear and nonlinear dependence of mechanical stress on deformation are
detected. As expected, the maximum strength was shown by the samples with the
highest binder content. It should be noted that obtained WPC samples have better
characteristics in strength tests in comparison to common wood particleboard
samples. As shown by SDTA, the WPC samples are stable up to 225°С.
References
[1] Galperin A.S., Kuleshov G.G., Tarashkevich V.I., Shutov G.M. // Holzforschung.
1995. V. 49. Iss. 1. P. 45–50.
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Sorption of Fluoride Ions onto Cellulose and Aluminum Oxide Composites
Balandina A.V1., Knyazev A.V1., Dolganov A.V2., Chugunov D.B2
1
Lobachevsky University, Nizhny Novgorod, Russia
2
Ogarev National Research Mordovia State University, Saransk, Russia
E-mail: balandina.av@yandex.ru
Fluorine is one of the essential elements found in the human body, and it
exhibits a therapeutic effect only in microscopic doses. Large quantities of fluorine
pose a health hazard. The most common source of fluoride ions supplied to the
human body is drinking water. The serious problem related to excessive fluorine
content in drinking and ground water is especially pressing in many Russian regions
and all over the world. According to the World Health Organization, the fluoride
concentration in drinking water must be 1.5 mg/L. Fluoride- and fluorine-bearing
minerals in rocks and soil are a source of excess fluorine in groundwater, which is the
main source of drinking water. Large quantities of fluorides are also released during
glass production, as well as in chemical industry and metallurgy. Therefore, it is
important to remove excess fluorine from drinking water. Excess fluorine can be
removed from water using various methods, such as adsorption, ion exchange,
reverse osmosis, precipitation in the form of poorly soluble compounds,
electrodialysis, electrocoagulation, etc. Among the aforementioned methods,
absorption is considered the most efficient technique for fluorine removal due to its
low cost, high performance and environmental sustainability. It was shown in a
number of studies that the efficiency of fluorine removal is strongly dependent on
solution pH; the most efficient adsorption of fluoride ions takes place at pH 5–7.
Bahena et al. studied the mechanism of adsorption onto α-Al2O3; Valdivieso et al.
investigated the influence of temperature on this process. Extensive research focused
on activated Al2O3 with its surface modified using lanthanum(III) and yttrium(III)
compounds or manganese oxide, via impregnation with alum, by applying copper
oxide, or magnesial activation has been conducted. The methods for fluorine removal
from water using adsorbents based on TiO2, bismuth and aluminum titanate, and
manganese and cerium oxides have been reported in literature. Inorganic composite
materials containing natural polymers draw researchers’ attention to be potentially
used as adsorbents due to a number of advantages they have. Cellulose is the most
abundant renewable biopolymer on the Earth. It is also affordable, safe, and has a
well-developed surface. In this study, we investigated the adsorption properties of
microcrystalline cellulose, with an aluminum oxide nanolayer applied onto its surface
using atomic layer deposition (ALD) technology. The resulting composite material
was used to study sorption of fluoride ions from water, investigate the dependence of
sorption capacity on the thickness of aluminum oxide layer, contact time between the
solution and the sorbent, and solution pH. The kinetic parameters of this process were
also determined.
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Sorption of fluoride ions onto a cellulose-based material with an aluminum
oxide nanolayer applied onto it using the atomic layer deposition technology has been
studied. Adsorption of fluoride ions is maximum at the minimum sorbent layer
thickness of 50 nm. To study the adsorption capacity of the sorbent with respect to
fluoride ions, we have studied the sorption as a function of solution pH. The
maximum adsorption capacity is observed at pH 7. The fluoride ion adsorption
isotherms have been recorded; the rate-controlling step of sorption has been
determined by calculating the kinetic parameters of the process.

Phase formation and electrical conductivity
of the phosphates Na1+2xMxZr2-x(PO4)3 (M – Zn, Mg)
Bedin V.Y.1, Butrina O.V.1, Asabina E.A.1, Pet'kov V.I.1, Stenina I.A.2,
Yaroslavtsev A.B.2
1
Lobachevsky University, Nizhny Novgorod, Russia
2
Kurnakov Institute of General and Inorganic Chemistry of RAS, Moscow, Russia
E-mail: thesilantday@gmail.com
Ceramics on the basis of the phosphates with octahedral–tetrahedral frameworks have
been known for a long time, but scientific interest in the materials remains. Compounds
with the structure of NaZr2(PO4)3 (NZP) have established themselves as substances with
high chemical, thermal and radiation stability and possessing important practical properties
such as thermophysical, optical, ion-conducting, and catalytic ones.
In the present work, we have studied phase formation and electrical conductivity of the
phosphates Na1+2xMxZr2-x(PO4)3 (M – Zn, Mg). The compounds were synthesized by sol-gel
method, and then the samples were studied by powder X-ray diffraction (Shimadzu XRD6000), IR spectroscopy (FTIR-8400S), electron microscopy and microprobe analysis (JEOL
JSM-7600F equipped with energy dispersive X-ray spectrometer).
According to the results obtained, limited solid solutions of the NZP-structure were
formed in the studied systems in the regions: 0 ≤ х ≤ 0.4 for М – Zn and
0 ≤ х ≤ 1 for M – Mg. The synthesis temperature of all the studied phosphates was 923 K.
The compounds were thermally stable up to temperatures ≥973 K.
The electrical conductivity of the ceramic phosphate samples Na1+2xZnxZr2-x(PO4)3 (x =
0, 0.1, 0.2, 0.3, 0.4) was measured by the impedance method using an AC bridge in the
frequency range of 10 Hz – 2 MHz in the temperature range
323–1033 K. The electrical conductivity changed with increasing temperature in accordance
with the Arrhenius law and valued ~(10-3–10-4) at 723 K. There is a clear tendency towards
an increase in the conductivity with an increase in the sodium content (an increase in the
value of x). This is probably due to the fact that in the NZP-phosphates, the migration of
cations usually occurs through channels formed by the cavities of the framework. In the
NZP-structure, one formula unit has one M1-type and three M2-type cavities sites, where
cations can be located. Thus, the ionic conductivity caused by the transfer of sodium cations
15
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in interconnected cavities increases with an increase in the carrier concentration. Lower
electrical conductivity values of the phosphates Na1+2xZnxZr2-x(PO4)3 compared with
isostructural NASICON ionic conductors [1] may be explained by lower content of sodium
ions in the structure of studied compounds. Acknowledgments: The reported study was
funded by RFBR, research project No. 18-29-12063.
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The influence of vegetable extender oil on crosslink density of rubber
Julijana Blagojević, Olga Govedarica, Mirjana Jovičić, Jelena Pavličević, Predrag
Kojić, Oskar Bera, Dragan Govedarica
University of Novi Sad, Faculty of Technology Novi Sad, Serbia
E-mail: julijana.blagojevic@uns.ac.rs
Natural rubber compounds are commonly required in industry for production of
elastomeric materials with specific properties. Properties of elastomeric products
based on natural rubber are dependent on nature of extender oil and concentration of
reinforcing fillers, such as additives, stabilizers, antioxidants and vulcanization
agents. This paper is aimed at providing the potential use of vegetable oils as ecofriendly alternatives to rubber compounding. The crosslink density is characterized as
the average molecular weight between crosslinks or by the number of crosslinks per
gram of rubber. One of the most reliable approaches in rubber science and technology
for determination of crosslink density is an equilibrium swelling. Equilibrium
swelling experiments in toluene were carried out on rubber samples produced by
varying vegetable extender oil concentration. The extender oil concentrations were in
range 0-30 phr. The experiment for determination of crosslink density lasted for 72
hours at room temperature and the mass and volume of each sample were measured
over time. Two models applied for data modeling in this paper, which consider the
volumetric fraction of rubber and average molecular weight between crosslinks, were
Classical Phantom and Flory–Rehner. The results showed that the crosslink density
strongly depends on the nature of investigated vegetable extender oils. Generally, the
samples containing vegetable extender oils exhibited a lower crosslinking density
compared to samples containing mineral extender oils. Samples with linseed oil
showed the lowest crosslink density, while the samples with degummed rapeseed oil
exhibited the highest value.
Acknowledgements: The authors are thankful to the Ministry of Education, Science
and Technological Development of the Republic of Serbia for their financial support,
Project No. 451-03-68/2020-14/200134.
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Application of artificial neural networks to demulsification of water-in-crude oil
emulsions
Julijana Blagojević, Olga Govedarica, Mirjana Jovičić, Jelena Pavličević, Predrag
Kojić, Dragan Govedarica
University of Novi Sad, Faculty of Technology Novi Sad, Serbia
E-mail: julijana.blagojevic@uns.ac.rs
Emulsions are formed in petroleum industry due to the presence of natural
emulsifiers in crude oil such as asphaltenes, resins, paraffins, organic acids, salts and
clays. The presence of emulsions may reduce the quality of the crude oil, as well as to
cause the corrosion of equipment during the transport and manipulation. The
treatment of crude oil is performed at the oil-field and usually requires the presence
of demulsifier in order to break water-in-crude oil emulsions. This paper examines
the impact of various demulsifiers on the separation efficiency of water-in-crude oil
emulsions. During testing different factors were taken into account, such as the
concentration of demulsifier, temperature and water content. The effectiveness of
deemulsifier was tested in laboratory, as well as on conventional gathering station,
followed by selection of the most effective demulsifier. Reliable mathematical
models for optimization of the demulsification process are rare due to the very
complex phenomena involved in emulsion breaking. The aim of this paper was to
examine the possibility of using statistical methods and artificial neural networks for
the analysis and prediction of the demulsifier separation efficiency. To investigate
separation efficiency of water-in-crude oil emulsion full factorial design was used
over a broad range of working conditions. Commercially available demulsifiers were
tested in order to separate water-in-crude oil emulsions of one crude oil from Serbia.
Crude oil properties such as: relative density, kinematic viscosity, mean relative
molecular mass, pour point, total asphaltene content, paraffin content and salt
content, were experimentally determined using standard methods. For each emulsion
prepared on gathering station, basic sediment and water content were determined.
Emulsion breaking was performed using bottle test in the wide temperature range.
Concentration of demulsifier was varied from 20 to 50 ppm. The influence of
demulsifier’s nature was evaluated using the dependence of the separation efficiency
on settling time. Artificial neural networks were used to predict demulsification
efficiency. The results showed that separation efficiency increases with increase in
temperature and settling time for all applied demulsifiers. Artificial neural networks
are promising method for prediction of demulsification efficiency with the lowest
values of raw residuals, as well as for the selection of the most effective demulsifier.
Acknowledgements: The authors are thankful to the Ministry of Education, Science
and Technological Development of the Republic of Serbia for their financial support,
Project No. 451-03-68/2020-14/200134.
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Synthesis, structure and thermal expansion of immobilizing materials with the
eulytite mineral structure
Bokov A.I, Pet’kov V.I.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: temabokov@mail.ru
Phosphates with the eulytite structure are used as the basis of promising lowtemperature co-heated ceramics for high-frequency electronic devices, optical
isolators − essential components of modern lasers, matrices for solid-state pyosphors,
as well as materials for immobilizing nuclear waste [1, 2]. The immobilizing matrix
must be heat-resistant and not subject to degradation and cracking.
We carried out a directed synthesis of phosphates KxSr12–2xR4+x(PO4)12 (R = Nd,
Eu, Gd; 0 ≤ x ≤ 4) with the eulytite structure, including fission products, lanthanides
(actinide simulators) and technological elements. The phase formation of phosphates
was studied, the structure was refined, and thermal expansion was investigated.
Polycrystalline samples KxSr12–2xR4+x(PO4)12 were obtained by co-precipitation
of salts from aqueous solutions followed by heat treatment. Phosphates were
characterized by X-ray diffraction (Shimadzu XRD-6000 diffractometer), microprobe
analysis (JEOL JSM-7600F microscope with an OXFORD X-Max 80 energy
dispersive spectrometer), and IR-spectroscopy (Shimadzu FTIR-8400S
spectrophotometer). The study of thermal expansion was carried out on the same
diffractometer using a temperature attachment (Anton Paar TTK 450) with a discrete
mode of temperature variation from 173 to 523 K with a step of 50−100 K.
According to the XRD data, the studied series of phosphates form limited solid
solutions of the eulytite structure (sp. gr. I43d). Their neutral framework is formed by
wavy chains of distorted (K,Sr,R)O6-octahedra connected by edges and PO4tetrahedra connected to octahedra through vertices. Solid solution samples do not
undergo polymorphic transitions. The IR spectra of the phosphates are typical for
orthophosphates crystallizing in the eulytite structure type with sp. gr. I43d and
indicate the absence of X-ray amorphous impurities.
Ceramics KxSr12–2xR4+x(PO4)12 when the temperature increases expand
isotropically and have coefficients of thermal linear expansion αа = (11÷18)∙10−6 K−1.
Their thermal expansion is the same in all directions, which does not cause shear
deformations and minimizes the possibility of cracking.
The reported study was supported by the Russian Foundation for Basic
Research, research project No. 18-29-12063.
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Towards the creation of antimicrobial biocompatible materials
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Gazhva S.I.2, Yakubova E.Yu.2
1
Lobachevsky University, Nizhny Novgorod, Russia
2
Privolzhsky Research Medical University, Nizhny Novgorod, Russia
E-mail: bulanoven@chem.unn.ru
One of the areas of modern medical materials science is the development of new
substances that can participate in the restoration of bone tissue or remineralization of
dental tissue. The main attention is focused on modifying the chemical composition
of hydroxyapatite Ca5(PO4)3OH to improve the strength characteristics of the future
material, as well as obtaining additional effects - in particular, imparting antibacterial
properties to the material.
To achieve the latter goal, it is proposed to use the introduction of bismuth
atoms into the crystal structure of hydroxyapatite, whose compounds have long been
known as antimicrobial agents. In this case, we are talking not only about the already
proven Ca4Bi(PO4)3O [1], but also a new series of compounds, which include sodium
and fluorine ions in the crystal structure in addition to bismuth, which, in addition to
improving the strength characteristics of the future ceramic material, are also of
interest for ensuring the process remineralization of tooth enamel.
The synthesis of this series of compounds was carried out by the method of
solid-phase reaction in accordance with the presented scheme:
(10-2x)Ca(NO3)2∙4H2O + xBi(NO3)3∙5H2O + xNaF + 6NH4H2PO4 + (2-x)NH4F →
→ Ca10-2xBixNax(PO4)6F2 + gaseous reaction products (x = 1,2,3,4)
The standard MTT test carried out showed the absence of cytotoxicity in all
compounds, despite the increase in the bismuth content.
In addition, the synthesized substances were studied as a material for the
remineralization of enamel. Using the thermoplastic method, aligners with cavities on
the surface were made in the shape of a lesion on the tooth. The test substances were
loaded into the cavities. The material was in contact in the tray with the cut of the
tooth, isolated from the factors of the oral cavity, during the day. According to the
data of scanning electron microscopy with energy dispersive analysisб the indicated
substances coped with the task of transferring the necessary elements to the
remineralization area.
References
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Fatty acid methyl esters epoxidation with hydrogen peroxide catalyzed by
polyoxotungstates encapsulated in metal-organic framework
1

Esipovich A.L. , Kanakov E.A., Charykova T.A.
Nizhny Novgorod State Technical University n.a. R.E. Alekseev, Nizhny Novgorod,
Russia
E-mail: alesipovich@gmail.com

Fatty acid methyl esters (FAMEs) epoxides can be potentially used as polyvinyl
chloride (PVC) stabilizers and plasticizers, reactive diluents for paints, corrosion
inhibitors, additives to lubricants and in production of surfactants and polyurethane. It
is possible to produce polymers and composites with better mechanical, electric,
thermal properties than those of the polymers obtained from petrochemical products
and greater resistance to oxidation than the latter ones.
Nowadays, PVC stabilizers are produced by vegetables oils epoxidation with
peracid as an oxidant formed in situ from hydrogen peroxide (HP) and formic acid or
glacial acetic acid in the presence of strong inorganic acids. The main disadvantages
of the conventional technology are strong corrosion, peracids instability and
explosiveness, formation of a large number of by-products and a large amount waste.
The use of hydrogen peroxide as an oxidant in combination with heterogeneous
catalysts eliminates these problems. Hydrogen peroxide is a highly efficient,
available and green oxidant. Only water is formed as the by-product when HP used.
The present work considers the use of hybrid materials based on
phosphotungstic acid immobilized onto metal-organic framework MIL-100(Cr). The
MIL-100(Cr), PW12@MIL-100(Cr) and PW4@MIL-100(Cr) catalysts have been
synthesized and characterized by elemental analysis, SEM, XRD, N 2 adsorption,
FTIR. The catalytic activity, selectivity and stability of the obtained catalysts have
been studied in the epoxidation of FAMEs of rapeseed oil with hydrogen peroxide in
acetonitrile. The main products and by-products formed during FAMEs epoxidation
were studied in detail using GC-MS and LC-MS. Based on the obtained data, a
possible scheme of transformations for the FAMEs epoxidation was proposed. The
effects of reaction temperature, catalyst loading, reaction time and unsaturated
FAMEs/hydrogen peroxide molar ratio on the reaction performance were also
investigated.
The peroxopolyoxotungstate encapsulated in the MIL-100(Cr) matrix showed a
good catalytic activity and selectivity. The reaction over PW4@MIL-100(Cr) gave
epoxides with 77 % selectivity at 95 % unsaturated FAMEs conversion in optimal
conditions (4 h, 40 °C, FAMEs/H2O2 molar ratio of 1/8, catalyst loading of 15 g·L–
1). The PW4@MIL-100(Cr) catalyst exhibited well stability and reusability in five
consecutive reaction cycles without significant loss of activity and selectivity.
The investigation was performed within the framework of the state assignment
in the sphere of scientific activity (topic № FSWE-2020-0008).
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The Properties of Tellurite-Molybdate Glasses Containing Lanthanum Oxide
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Tellurite glasses of various compositions are the promising material for fiberoptical devices and solid-state lasers. By now the properties of several binary tellurite
glasses including TeO2 − MoO3 system, have been studied in details. The glasses of
this system possess a wide glass-forming region, a wide range of transparency, low
glass transition temperatures, sufficient chemical and thermal stability. The study of
ternary glasses based on TeO2 − MoO3 system is of current interest. Lanthanum oxide
was used in our research as the third component of the tellurite-molybdate glasses.
The preparation of tellurite-molybdate glasses containing lanthanum oxide and the
investigation of their properties were the purposes of the study.
The boundaries of glass-forming region of the TeO2 − MoO3 − La2O3 system
were determined. The glass samples of several millimeters in thickness were obtained
with the composition range of 7 − 78 % mol. TeO2 or MoO3, and up to
30 % mol. LaO1.5.
The glass transition temperatures and crystallization temperatures of the glass
prepared were determined. The glass transition temperatures of the samples were
found in the range from 340 to 434 °C according to the glass composition. The
62TeO2 − 31MoO3 − 7LaO1.5 glass was resistant to crystallization.
The optical transmittance of the obtained glasses in the wavelength range of
450–2500 nm was determined. The optical transmittance of TeO2 − MoO3 − La2O3
glasses depends on the MoO3 content in a sample. The short-wave absorption edge
values were calculated from the absorption spectra of glasses. These values shifted to
the longer wavelength with the increase in the MoO3 content.
The dependence of the refractive index on the wavelength for the
TeO2 − MoO3 − La2O3 glasses was revealed. The refractive index of telluritemolybdate glasses containing lanthanum oxide went down with the increase in the
wavelength and in the content of lanthanum oxide in the glass. The refractive indices
of the glasses prepared were found within the range from 2.05 to 2.45.
By this means the TeO2 − MoO3 − La2O3 glasses show promise for optical
devices.
The research was carried out with the support of the Ministry of Science and
Higher Education of the Russian Federation, project No. 0729-2020-0039, within the
framework of the basic part of the state assignment.
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Polymeric carriers of antineoplastic medicines based on (meth)acrylic acid with
its own immunostimulating activity
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Cytostatic chemotherapeutic medications are the classic means for the
treatment of the tumor process. Their aims are nucleic acids and signaling pathways
that regulate cell proliferation. The effectiveness of traditional methods of treatment
(surgical, chemo-and radiotherapy) has not increased in recent years, which leads to
the search for new approaches.
Polymers are considered to be the most promising drug carriers, since they
allow combining various pharmaceutical compositions, increase the solubility of
hydrophobic substances, increase the circulation time and can improve the biodistribution profile of a low-molecular-weight drug.
Carrier polymers were synthesized on the basis of acrylic and methacrylic
acids by controlled radical polymerization. The method of gel-penetrating
chromatography was used to determine the molecular weight characteristics, premethylated carboxyl groups of polymers with diazomethane. As a result, polymers
with optimal molecular weight characteristics were obtained (Mn = 7 – 40 kDa;
Мw/Mn = 1,1 – 1,6); the dependences of molecular weight characteristics on the
concentration of chain transfer agents and polymer conversion on the polymerization
time are derived; the effectiveness of chain transfer agents was evaluated.
The study obtained polymer systems with doxorubicin, 5-fluorouracil, and
cisplatin. The qualitative and quantitative composition of the obtained polymer
systems was studied by physical and chemical methods (UV spectra, IR
spectroscopy, 1H NMR). Determination of the particle size on a
photoelectrocolorimeter.
The cytotoxic effect of polymer systems was studied using an MTT-test based
on the ability of mitochondrial dehydrogenases in viable cells to reduce the
tetrazolium dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT) to formazane, which crystallizes inside the cell. To study the response of cells
to exposure, the concentration of the drug is determined, at which 50% of cells lose
their viability (IC50).
To study the functional activity of macrophages under the influence of
polymer derivatives of methacrylic acid, the method of evaluating the absorption
capacity of macrophages for the absorption of latex particles was used; to assess
cytotoxic effects through mechanisms of oxidative stress in phagocytic cells was used
method for the recovery of nitro blue tetrazolium; the method of luminol –dependent
chemiluminescence was used to determine the oxygen-independent activity of
granulacyte-macrophage cells.
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The study of the effect of polymer carriers on cytokinogenesis was evaluated
in in vitro experiments with immunocompetent cells. During the experiment, the
number of Pro– and anti-inflammatory cytokines (IL-6, IL-10, IL-17, TNF-α, TGFβ1) synthesized during incubation of macrophages in the presence of polymers and
without them was recorded by enzyme immunoassay.

Water-soluble polymeric ionic 5-fluoracil complex based on methacrylic acid
copolymers
Zaitsev S.D.1, Zhukova О.V.2 , Ryabov S.А.1 , Archipova Е.V.2 , Golovacheva А.А.1, Volkova Y.S.1
1
Lobachevsky State University, Nizhny Novgorod, Russia
2
Privolzhsky Research Medical University, Russia
E-mail: szay@inbox.ru
5-Fluorouracil (5-FU) is a chemotherapeutic agent and is broadly used to treat
oncology diseases. 5-FU is used to treat a variety of solid tumors, including colorectal, breast,
pancreatic, and gastric cancers. Because 5-FU is metabolized rapidly, it is of immense
importance to maintain its serum concentrations at high levels to improve the therapeutic
efficacy. However, high risk of severe toxicity is involved in using 5-FU at high
concentrations.
Polymers are considered to be the most promising drug carriers, since they allow
combining various pharmaceutical compositions, increase the solubility of hydrophobic
substances, increase the circulation time and can improve the bio-distribution profile of a lowmolecular-weight drug. Poly (acrylic acid) is promising as a drug carrier because it is
biocompatible and bioadhesive, the property being due to its carboxylic groups, which
produce hydrogen bonds with mucin and glycoprotein on mucous membranes. Poly (acrylic
acid) is temperature and pH sensitive. The polymer carrier was synthesized on the basis of
tert-butyl methacrylate (TBMA) using a chain transfer agent TGA (thioglycolic acid). To
estimate the molecular weight (MW) of a polymer, gel permeation chromatography (GPC)
was run in tetrahydrofuran (TGF) at 40 °C, using polymethacrylate standards. Poly-TBMA
hydrolysis was performed and by the method of potentiometric titration to quantitatively
determine the content of units of methacrylic acid (MAA). The TBMA-MAA copolymer was
incubated in an aqueous solution with 5-FU. Qualitative and quantitative characteristics of the
compositions were recorded using UV spectra, IR spectroscopy in a range of 400–4000 cm–1,
nuclear magnetic resonance (1H NMR) spectra. To estimate the activation energy of the
process, experiments were performed at 60, 80, and 100 °C. The kinetics of 5-FU isolation
from the polymer complex with TBMA-MAA was performed during 52-57 hours of dialysis.
The pH range of the medium in which the polymer complex is stable was determined, and the
pH value at which 5-FU is released was determined. Currently, creation of polymeric
derivatives of antitumor drugs is a promising direction of development of new pharmaceutical
compositions. These polymeric systems can alter the pharmacokinetics and increase the focus
of the drug, while reducing the toxic effects on the body.
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Preparation of TeO2 − MoO3 − Pr2O3 Glasses with Improved Optical
Transparency
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1
Lobachevsky State University, Nizhny Novgorod, Russia
2
G.G.Devyatykh Institute of High Pure Substances, Russian Academy of Sciences,
Nizhny Novgorod, Russia
E-mail: wwwxumuk@mail.ru
Tellurite-molybdate glasses containing praseodymium oxide possess high values
of the Verdet constant. Due to this property these glasses are applicable for
manufacturing compact magneto-optical devices. High values of the Verdet constant
are achieved by introducing of significant amount of praseodymium oxide into the
glass [1]. It requires high temperature for melt homogenization which causes Mo+6
atoms to reduce into Mo+5 oxidation state. The result of the process is the decrease in
optical transparency of glasses in visible and near infrared spectral ranges. The
reduction in temperature and duration of homogenizing fusion may be reached by
variation of the nature of the initial batch components.
The purpose of this work was to evolve methods for preparation of telluritemolybdate glasses with high content of praseodymium oxide which exhibits
improved optical transparency. To achieve this purpose, the batch containing
H6TeO6, (NH4)6Mo7O24 ∙ 4H2O and Pr(NO3)3 ∙ 6H2O was used. This allowed us to
insert oxidants into the system which keeps the Mo+6 atoms from reduction. The
possibility of preparation of tellurite-molybdate glasses containing praseodymium
oxide with a low content of molybdenum trioxide which contributes to obtaining
glasses with better optical transparency was studied. Having subjected thermal
treatment in air the batch was melted at 800 – 875 °C. The melts were cast into steel
mould kept at 300 – 350 °C. The formation of glass was confirmed by X-ray
diffraction method.The boundaries of the glass-forming region of the system
TeO2 − MoO3 − Pr2O3 were elicited. The nature of the initial components of the batch
was shown to influence the position of the boundaries of the glass-forming region.
Thus the use of the batch from inorganic acids and salts mentioned earlier instead of
the traditional batch from binary oxides made it possible to obtain glasses with a
lower content of molybdenum trioxide. By this means the use of a batch from
inorganic acids and salts which are capable to decompose into binary oxides allows to
obtain tellurite-molybdate glasses with a high content of praseodymium oxide
transparent in the visible spectral range.
The study was supported by the Ministry of Science and Higher Education of
the Russian Federation, project No. 0729-2020-0039, within the framework of the
basic part of the state assignment.
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RAFT copolymerization of 1,1,1,3,3,3-hexafluoroisopropyl acrylate
and glycidyl methacrylate
Grigoreva A. O., Tarankova K. A., Zaitsev S. D.
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In recent years, control radical polymerization methods (NMP, ATRP and
RAFT) have been widely used to synthesize (co)polymers with a given architecture.
RAFT polymerization can be applied to a wide range of monomers unlike the rest of
the above techniques [1]. Moreover, controlled radical copolymerization is a
powerful tool to modify materials based on fluorinated polymers. To impart various
properties a polymeric chain has to include reactive groups. Glycidyl methacrylate
can be suitable for this purpose. The epoxy side chains of PGMA can be subjected to
a nucleophilic ring-opening reaction under a variety of conditions to afford
functionalized polymers. It is this versatility that establishes PGMA as a general and
powerful reactive scaffold in polymer chemistry [2].
This article dwells on the features of 1,1,1,3,3,3-hexafluoroisopropyl acrylate
(HFIPA) RAFT polymerization and copolymerization with glycidyl methacrylate
(GMA) in the presence of 2-cyano-2-propyl dodecyl trithiocarbonate.
Kinetic
features
of
RAFT
homopolymerization
of
1,1,1,3,3,3hexafluoroisopropyl acrylate in the presence of CPDT were investigated. The use of
both CPDT and PHFIPA-CPDT as chain transfer agent allows to reach lower values
of dispersity of obtained polymers (Đ = 1.05 – 1.07). Copolymerization of HFIPA
and GMA was successfully carried out via RAFT polymerization. The
copolymerization reaction was well controlled by the use of CPDT as RAFT agent.
1
H NMR spectra revealed the incorporation of both the monomers in the copolymer.
The chemical compositions of the copolymers were characterized by 1H NMR. The
reactivity ratios of HFIPA and GMA were determined by FR and KT models. The
reactivity ratios were in good agreement with all the models. Reactivity ratios were
found to be r1(GMA) = 1.57 and r2(HFIPA) = 0.05 by FR model. It was found that
the reactivity ratio of the GMA was higher than that of HFIPA.
Acknowledgment: This work was supported by the Russian Foundation for Basic
Research (Project № 19-03-00843).
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Ceramic phosphates of iron and alkali metals as potential matrices for radwaste
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A family of complex anhydrous orthophosphates with framework and layered
structure is considered as matrix materials for immobilizing radioactive waste,
including those with high concentrations of alkali metals. The aim of this work is to
study the phase formation, crystal structure, thermal and hydrolytic stability of
complex phosphates containing iron and alkali metals of the compositions Na3xCsxFe(PO4)2 and Na3-xCsxFe2(PO4)3 (0 ≤ х ≤ 3).
The compounds were synthesized by co-precipitation of salts from aqueous
solutions. The final annealing temperatures of the samples were in the interval 400750°C. The synthesized phosphates were studied using X-ray diffraction (Shimadzu
LabX XRD-6000 diffractometer), electron microscopy and microprobe analysis
(JEOL JSM-7600F electron microscope), IR spectroscopy (Shimadzu FTIR-8400S
FT-IR spectrophotometer) and differential thermal analysis (thermal analyzer DTG60H Shimadzu). According to X-ray diffraction data, in the series Na3-xCsxFe(PO4)2,
the limited solid solutions of glaserite-like (layered) structure were obtained in the
ranges
0 ≤ х ≤ 0.2 and 2.5 ≤ х ≤ 3. In the series Na3-xCsxFe2(PO4)3, the solid solution of
kosnarite (framework) structural type was formed in the region 0 ≤ x ≤ 0.3. The
crystal structure of Cs3Fe(PO4)2 phosphate was refined by the Rietveld method
(FullProf).
Calculated
crystallographic
characteristics
of
Cs3Fe(PO4)2:
_
3
2
а = 5.832(1) Å, с = 7.136(1) Å, V = 210.2(1) Å (sp. gr. P𝟑m, Z = 1,  = 1.21). The
hydrolytic stability of ceramic of the composition Cs3Fe(PO4)2 was studied in the
dynamic mode (figure) [GOST R 52126, 2003]. The steady-state cesium leaching rate
was 10-4 g/(cm2day). In terms of the level of hydrolytic stability, the studied
phosphate ceramics are not inferior to the currently used cesium-containing matrix
glasses and concrete forms.
Acknowledgments: The reported study was funded by RFBR, research project No.
18-29-12063.

Figure 1. The rate of leaching of cesium from Cs3Fe(PO4)2 versus time.
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Investigation of formation processes of glass-ceramics based on bismuth-borate
glass and aluminum-yttrium garnet by TG-DSC method
Ignatova K.F., Balueva K.V., Rostokina E.E., Komshina M.E., Plekhovich A.D.,
Kut’in A.M.
G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the RAS,
Nizhny Novgorod, Russia
E-mail: ignatova@ihps-nnov.ru
Aluminum-yttrium garnet doped with rare-earth elements (RE:YAG) is one of the
most significant materials in quantum electronics and laser engineering nowadays. Among
these materials the particular importance in practice have Er:YAG-based laser elements, that
are widely used in medical lasers, dentistry, and scientific instrumentation [1]. The
fundamental problem in this sphere is the nessesity of fabrication of porous-free materials,
and at the same time these materials should demonstrate high portion of crystalline phase
and chemical purity. A prospective way to ovecome these problems is the development of
Er:YAG-based glass-ceramic materials. In particular, the optical properties improvement in
case of a glass-ceramics doped with uniformly distributed fine-grained crystal phase of (Y1xErx)3Al5O12 is possible due to the combination of well-matched optical properties of glass
with even more pronounced optical characteristics of crystals, which are inherent to the
almost ideal polycrystalline structure of Er:YAG in a glass phase. Moreover, the
combination of glass and crystalline phases improves dielectric properties, hardness and
mechanical resistance, thermal and chemical stability of the resulting glass-ceramic
material. According to the published literature data, we selected Bi2O3–B2O3–BaO glass
host based on its particular physic-chemical characteristics, namely: Tg, density, refractive
index and transmission window. This research work is aiming to preparation aspects and
thermal analysis of the developed glass-ceramics paying attention to the material formation
processes in respect to different molar ratios of (Y0.95Er0.05)3Al5O12 crystals and Bi2O3–
B2O3–BaO glass chosen as the glass host. To achieve a high degree of homogeneity of
crystalline and glass phases in the combined mixture, synthesis was performed according to
a previously developed method based on utilizing aggregative stable hydrosols of
5AlOOH·3(Y,Er)(OH)2(OOCCH3), The calculated amount of glassforming components
was added in the form of a solution. Then drying was carried out at a temperature of 200˚C.
According to this procedure, a series of samples with different molar ratios of Er:YAG
crystalline phase and glass-forming system (20, 40, 60 and 80 mol.%) was prepared. The
samples were studied under non-isothermal conditions using a TG-DSC method on a
synchronous thermal analyzer Netzsch STA 409 PC Luxx (Germany), which allowed to
explore and characterize thermal processes of the developed glass-ceramics formation at
various temperatures and eventually predict optimal heat treatment regimes for the
fabricated glass-ceramic material compositions.
The reported study was funded by the Russian Science Foundation (project № 20-73-10110).
References
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N,N-[(diethylamino)alkyl](meth)acrylamides by RAFT polymerization
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The study of the features of the amphiphilic monomers polymerization is an
important objective because taking them into account can help one to impart the
required properties to the polymerization product. In the case of stimuli-responsive
polymers homogeneity of molecular weight and composition is important factor
determining the characteristics of the phase transition. Reversible
addition−fragmentation chain-transfer polymerization (RAFT polymerization) is a
powerful tool for obtaining polymers with high compositional and molecular weight
homogeneity. In the course of the research, the features of the synthesis of promising
stimuli-responsive polymers of N,N-[(diethylamino)alkyl](meth)acrylamides (DAA)
by the method of RAFT polymerization were studied. The thermo- and pHresponsive properties of DAA homopolymers in aqueous solutions were also
investigated. The influence of the synthesis conditions of the DAA polymers by the
RAFT polymerization method on the characteristics of the obtained products was
investigated. The effect of the initial monomer concentration, the nature of the
solvent, and the ratio of the components of the reaction mixture (monomer, chain
transfer agent, and initiator) on the reaction rate, conversions, and the change in the
molecular weight characteristics of the polymers during the synthesis were studied.
During the synthesis of polymers by the method of controlled polymerization with 4cyano-4-[(dodecylsulfanylthiocarbonyl)sulfanyl]pentanoic acid as RAFT-agent, in all
cases, the molecular weight of the polymers linearly increased with conversion. It has
been shown that, upon polymerization in dioxane, the achieved conversions decrease
not only with an increase in the molar ratio of the monomer to the initiator, but also
to the chain transfer agent. As expected, the highest molecular weights of polymers
were achieved in syntheses at large molar excesses of the monomer with respect to
the chain transfer agent. In the course of research, an increase in the coefficient of
polydispersity of the molecular weight with an increase in the degree of conversion of
DAA was also noted. It has been shown that replacing dioxane with isopropyl alcohol
does not lead to a significant change in the molecular weight values, but causes a
decrease in the polymerization rate and the values of the conversions achieved.
For polymers of DAA synthesized by the method of RAFT polymerization, the
presence of thermo- and pH-responsive properties was shown in aqueous solutions in
the range of pH from 7 to 13 and temperatures of 25-80 °C.
The study was carried out within the framework of the state assignment in the
sphere of scientific activity (topic No FSWE-2020-0008).
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Deep eutectic solvents based on hydroxyalkylammonium salts as the potential
effective ammonia absorbers
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Ammonia considers to be one the most important chemical product used in
many fields, such as the production of organic and inorganic compounds,
pharmaceuticals, and oil refining. On the other hand, it is the main alkaline gas
pollutant in the atmosphere and a precursor to fine dust. Traditional methods of
capturing ammonia (water, acidic) have a number of significant disadvantages:
producing a large amount of toxic waste, high energy consumption. Moreover the
ammonia regenerating after these processes is economically inefficient or even
impossible. Thus, the developing of effective sorbents for the low energy process of
separation and capture of ammonia is an important scientific and economical
problem.
Deep eutectic solvents (DES) are novel class of absorbents having such
advantages as low volatility, high sorption capacity, stability, and low price. Based on
environment friendly materials (urea, salts, alkanoles) they are able to be recyclable
absorbents. The aim of this work is to synthesize components for new systems for the
absorption of ammonia based on DES, namely the hydrogen bond acceptor (HBA).
According to the developed method, ionic ammonium compounds with different
amounts of hydroxyl groups were synthesized (Scheme 1).
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R1, R2 = Me or CH2CH2OH
R3 = H or CH2CH2OH

The presence of hydroxyl groups in the structure of DES components increases
absorption due to the formation of hydrogen bonds between the solvent and gas
molecules in the case of ammonia absorption. Physical absorption and chemisorption
combined in one system can increase the sorption properties of DES based on them.
This project supported by RFBR, grant № 19-38-60011.
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Investigation of heterogeneous equilibria of MIIU3O10·6H2O (MII  Ni, Co, Cu,
Zn, Mn, and Cd) in aqueous solutions
Chernorukov N.G., Nipruk O.V., Klinshova K.A., Tumaeva O.N. and. Sokolov D.V.
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This report presents the results of a comprehensive study of heterogeneous
aqueous-salt systems of а series of d-transitional elements uranates (MIIU3O10·6H2O
(MII – Mn, Co, Ni, Zn, Cd). The crystalline lattice of all compounds is formed by
2+
layers [(𝑈𝑂2 )3 𝑂3 (𝑂𝐻)2 ]𝛿−
cations and
2∞ consisting of uranium polyhedra. The M
H2O molecules are arranged between the layers and together with uranium-hydroxyl
groups link the layers forming a three-dimensional lattice. The formation of uranates
is likely in nature and at various stages of the nuclear fuel cycle. Study of the
behavior of their state in aqueous media is necessary for the fundamental
understanding of the behavior of uranium in the environment and ensuring the safe
operation of nuclear fuel cycle enterprises. Investigation of heterogeneous equilibria
of MIIU3O106H2O in aqueous solutions includes two main aspects. Firstly, it is
establishment of the acid-base existence regions of uranates and the study influence
of the various factors on the composition and structure of hydrolysis products in the
heterogeneous systems. Secondly, it is the study of the properties of the saturated
aqueous solutions, including the determination of MIIU3O10·6H2O solubility. A
physico-chemical model was proposed which qualitatively characterizes the
equilibrium state in the heterogeneous systems. It allowed to determine the uranates
solubility products, to calculate the thermodynamic functions of the heterogeneous
system components, to create speciation diagrams of uranium (VI), and d-transition
elements in the aqueous solution and solid phases. The d-transition elements uranates
are chemically stable in the pH range from 3.3-6.8 to 9.4-12.4. Amorphization of the
crystalline phases of MIIU3O106H2O is observed in an acidic medium at pH of 3.3 to
3.8. The MIIU3O106H2O completely converts into MII(OH)2 in strongly alkaline
media at pH>9.4-12.4. The results of the study of saturated aqueous solutions of
uranates are in good agreement with the conversion processes. U (VI) and M (II) pass
into solution at stoichiometric ratio 3:1 in the pH interval where d-transition elements
uranates preserve their structure completely. In an alkaline medium at pH> 9.4-12.4,
where the structure of uranates is completely destroyed, the concentrations of U (VI)
and M (II) are determined by the solubility of secondary compounds such as Na 2U2O7
and MII(OH)2, respectively. The obtained experimental data on the solubility of dtransition elements uranates were used to calculate the equilibrium constant values of
heterogeneous dissolution reactions. These values were shown to decrease in the
series of Ni – Cu ¬ Zn – Co – Mn – Cd derivatives with increasing of the M (II)
radius. It may be due to the decrease in the hydration energy of M2+ ions in the series.
The study was carried out with a grant from the Russian Science Foundation
(project No. 19-73-00096)
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Physico-chemical study of compounds for the pharmaceutical
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Amino acids, hormones, vitamins and proteins - one of the most important
representatives of biologically active substances. They are vital and necessary
compounds, each of which plays an indispensable and very important role in the vital
activity of the organism. Vitamins - organic compounds that are necessary for the
normal functioning of almost all processes in the body. Most vitamins are involved in
biochemical reactions as coenzymes or their precursors. Hormones are the products
of internal secretion, which are produced by special glands or individual cells, are
secreted into the blood and spread throughout the body, causing a certain biological
effect. These substances have always been of interest to chemistry in terms of their
synthesis. However, not only the preparation of the compound is important, but also
information on its physicochemical properties and structural characteristics. The
investigation allowed a comprehensive study of the physicochemical properties and
structure of B vitamins, such as riboflavin (B2), nicotinic acid (B3), myo-inositol (B8),
folic acid dihydrate (B9), L-carnitine (B11) and cyanocobalamin (B12), and steroid
hormones
such
as
hydrocortisone
acetate,
methylprednisolone,
and
methylprednisolone aceponate. The calorimetric determination of the temperature
dependences of the heat capacity of these compounds in the range from 6 to 350 K is
carried out and standard thermodynamic functions are calculated: heat capacity,
enthalpy, entropy and the Gibbs function of heating in the temperature range of 0 350K. The type of topology structure is determined according to the data of
multifractal processing of low-temperature heat capacity. The combustion energies of
the studied samples were determined at T = 298.15 K. Thermodynamic modeling of
some biochemical processes was carried out with the participation of these
compounds. The enthalpies of sublimation of the studied samples were determined
using the Quartz-crystal microbalance (QCM) technique. The thermal properties and
features of thermal expansion of compounds by differential scanning calorimetry and
low-temperature X-ray diffraction have been studied. Structural studies of steroid
hormones and solvates based on them were carried out by X-ray analysis. Recently,
an ambitious task was set to develop methods for the isolation and methodology for
the study of crystalline proteins from natural objects. For the first time, a lowtemperature thermodynamic study of crystalline protein was carried out using hevein
as an example. Thus, a practical and theoretical base has been prepared for the study
of protein-peptide hormones.
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Obtaining of porous materials based on fish collagen
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Collagen is a widespread multifunctional protein that forms the basis of
connective tissue (bones, cartilage, dermis, etc.) and provides its biological functions.
Collagen fibers are made up of fibrils, which are elongated protein molecules,
tropocollagens, which are visible in an electron microscope. Collagen fibrils have
different orientations depending on performed biological function of connective
tissue. So, for example, in tendons, collagen fibrils are located in the form of crosslinked parallel beams that have high tensile strength and practically inextensible.
The unique complex of properties and the possibility of application in various
fields attracts scientists to study the possibility of creating and using materials based
on collagen for solving medical problems, primarily in traumatology, since the
problem of protein imbalance in tissues arises as a result of injuries and various
diseases. Currently, mainly collagen preparations obtained from animal tissues are
used. However, due to spongiform encephalopathy and the threat of transmission of
the virus to humans, collagen of animal origin is almost completely discontinued in
Western countries. [1]
Collagens of fish origin have been studied relatively recently. Interest in fish
collagens has increased due to the presence of a number of unique properties that
provide a number of advantages over analogs of animal origin, which contributes to
the development of new technologies for obtaining collagen substances. Despite a
fairly large amount of experimental data, the technology for obtaining collagen
substances from fish waste requires deepening and expanding scientific data
substantiating the functional and technological properties and conditions for
obtaining various forms. The results of modern research on fish collagen have shown
that they have a pronounced hydrophilicity, wound healing and are safe for humans.
In addition, it is hypoallergenic and stimulates the regeneration of various body
tissues: skin, tendons, bones. The unique spectrum of properties allows predicting
various application prospects: from cosmetology and the food industry to medicine
and dentistry.
As part of a laboratory study, prototypes of collagen dispersions from fish skins
were obtained using acid extraction. The collagen content in the dispersion was 5%.
Sponges with a porous structure were obtained by freeze-drying, which are very
promising in the search for alternative artificial medical materials and require further
study.
References
[1] Batechko, S.A. Collagen. A new strategy for maintaining health and prolonging
youth // 2010. 244p.
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On the application of using CP MAS 13C NMR spectroscopy to the analysis
wood
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In recent years solid-state 13C NMR spectroscopy using the technique of crosspolarization (CP) and sample rotation at a magic angle (MAS) is increasingly used in
the study of structure and composition of various natural materials [1]. In this work
we revealed differences in the composition of wood of some tree species in central
Russia (larch (1), birch (2), aspen (3) and spruce (4)) using CP MAS 13C NMR
spectroscopy. Assignment of various signals in the CP MAS 13C NMR spectra has
been performed. It was found that cellulose is presented in amorphous and crystalline
form. The presence of lignin is unambiguously confirmed by signals from aromatic
carbon atoms and hemicellulose is detected by signals from carbon atoms of methyl
groups of acetylxylose and L-rhamnose. The content of cellulose, hemicellulose and
lignin was determined on the basis of the integral intensities.

Figure 1. CP MAS 13C NMR spectra of the wood samples.
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Spectrosc. 2017. Vol. 100. P. 17–51.
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Synthesis and structural features of PbBi3Ti2NbO12
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Aurivillius phases have several practically useful properties due to their layered
crystal structure. They can be used as materials for ferroelectric RAM,
photocatalysts, and high-temperature piezoelectrics. The chemical composition of
Aurivillius phases is often described as Аm-1Bi2BmO3m+3. A-site is usually occupied by
ions with +1, +2, +3 charges with coordination number CN>6, or their combinations.
B-site is occupied by transition elements with octahedral coordination (CN = 6). The
number m defines the quantity of stacking octahedra perovskite-like layers between
[Bi2O2]2+ blocks and can vary from 1 to 9. The majority of the Aurivillus phases also
contain bismuth in the A-site position. The crystal structure of such compounds is
considered stable because of the lone pair of Bi 3+ ion. Ion Pb2+ is sharing the same
electron configuration, therefore, bismuth can be substituted by lead in the [Bi 2O2]2+
layer. It is noteworthy that mixed cationic positions between block and A-site can
exist in some compositions, and also in Pb-containing Aurivillus phases. Three-layer
PbBi3Ti2NbO12 compound is the one of examples of such a phenomenon.
This compound can be synthesized using 2 approaches: by conventional solidstate synthesis from oxides (PbBi3Ti2NbO12) and by ion-exchange reaction with
PbBiO2Cl compound ((PbBiO2)Bi2Ti2NbO10). According to the literature data, the
distribution of cations in the positions may be different in the compounds obtained by
different methods.
PbBi3Ti2NbO12 and (PbBiO2)Bi2Ti2NbO10 compounds with yet unknown
crystal structures were chosen to perform Rietveld refinement. B2cb
SrCaBi2TiNb2O12 and I4/mmm SrBaBi2TiNb2O12 were used as the starting models for
both refinements with the assumption of substitution of Sr by another Bi and Ca/Ba –
by Pb. As expected, bigger R-factors (Rwp = 12%) and worst overall refinement were
obtained with the I4/mmm model. Unlike other layered perovskites with typical B-site
ordering, B-site elements Ti/Nb are statistically distributed between positions both in
the initial model and refined structures. As expected, refining of occupancies of Pb
and Bi atoms in A position gained no effect on R-factor and crystal structure for both
compounds. Therefore, refinement was conducted with statistically distributed Bi/Pb
in all positions. Overall, refined crystal structures for both solid-state and ionexchange products are in a good correlation with the initial model. While the
octahedral part of the structure is practically the same for the model and refined
structures, distortions in [M2O2]2+ block are different in each case. The solid-state
product has a more distorted block than the model, while the ion-exchange product
has fewer distortions. These slight differences in the reactive part of the crystal
structure can be a sign of differences in Bi/Pb distributions for solid-state and ionexchange products.
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For the first time fully organic batteries (OB) as a new type of chemical sources of
current was proposed by the Japanese company NEC in 2005 [1]. Potentially OB is more
environmentally friendly than common batteries due to absence of heavy metal compounds,
which can pose a serious hazard to the environment. Generally, in the manufacture of OB
radical polymers containing a nitroxyl radical (TEMPO) are used as a subunit [2]. In this
work we prepared a redox-active polymer composite based on a 3-(4-hydroxyphenyl)-1,5diphenylverdazyl radical (1), highly dispersed carbon (Vulcan XC-72) and a polyurea matrix
prepared from methylene(diphenylene)diisocyanate (MDI) and polyethylene polyamine
(PEPA). Verdazyl radical (1) was obtained from 4-hydroxybenzaldehyde by the literature
method [3]. The polymer composite material prepared on the basis of compound (1), MDI,
PEPA and Vulcan XC-72 has a time-stable EPR signal (Fig. 1). The electrochemical
properties of the polymer electrodes were studied by the cyclic voltammetry (CV) method in
acetonitrile solution (0.1 M background electrolyte (Bu4N)BF4) with the usage of Gamry
potentiostat (Canada). The CV curves obtained with the polymer electrodes with different
content of radical (1) by wt. of the polymer matrix are shown on the Fig. 2.

Figure 1. EPR spectrum of the composite with Figure 2. CV curves of the composites with
radical content of 20% by wt.
radical content of 10%, 15% and 20% by wt.

It is important to note that the peak current for all samples of polymer
composites didn’t decrease under repeated scanning of the potential (50 cycles) for
all electrodes. A constant value of the current indicates that the electrodes are stable
in the process of electrochemical reactions and that the process of washing out of the
compounds from the electrode surface is not observed.
References
[1] Kentaro N., Kenichi O., Hiroyuki N. // Chem. Lett. 2011. V. 40. P. 222–227.
[2] Schwartz P.-O., Pejic M., Wachtler M., Bäuerle P. // Synthetic Metals. 2018. V.
243. P. 51–57.
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Intensification of ammonia capture by membrane-assisted gas absorption
technique using deep eutectic solvents as an absorbent
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One of the most widely used inorganic substances in industry is ammonia.
Hundreds of millions of tons of ammonia are produced each year. The traditional
method of ammonia synthesis is the Haber-Bosch process, in which ammonia is
extracted from the reaction mixture by cooling, followed by condensation of the
product. This approach does not provide sufficient ammonia recovery, but leads to
high refrigerant spending. In addition, this technology is only cost-effective for large
production volumes.
Intensification of the process of separation of ammonia from the gas mixture is
one of the priority areas for the development of the chemical industry. Existing
technologies such as crystallization, filtration and distillation are characterized by
high energy consumption compared to membrane technologies.
In this paper, we propose a new approach to the intensification of ammonia
capture in the Haber-Bosch process – membrane-assisted gas absorption (MAGA).
This is a hybrid pressure-driven technique, which combines the absorption of gases
by liquid absorbent covering the membrane with further permeation through it. This
study was conducted to determine the effect of using deep eutectic solvents
(NH4SCN-EG, NH4SCN-Urea, NH4SCN-G) based on ammonium thiocyanate and
ionic liquid ([bmim][MeSO3]-Urea) as a sorbent on the efficiency of ammonia
separation from a mixture of NH3/H2/N2 in the ratio 15.5/62.8/21.7 vol.%
respectively. The experimental results showed that the highest separation factor was
achieved when using the NH4SCN-G sorbent (98.96 vol.% of ammonia in the
permeate stream), which has the highest sorption capacity for ammonia - 176.4 g/kg.
However, as the recycle flow increased, there was a sharp decrease in separation
efficiency. Thus, the most promising sorbents were NH4SCN-U and NH4SCN- EG,
which were more stable. The spread of the ammonia content in the permeate stream
with a change in the value of the recycle flow from 20 to 200 cm3/min is 1.1 vol.%.
At the same time, the concentration of ammonia at the output of the module was
98.42 vol.% and 98.7 vol.% for NH4SCN:U and NH4SCN:EG, respectively.
It is important to note that the separation occurs in the volume of one mass
transfer device, in one stage, and at ambient temperature. Based on the results, we
can conclude that the technology is a promising method for the problems of ammonia
capture.
The reported study was funded by the Russian Science Foundation according to
research project No. 17-79-20286.
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The roles of Tween-80 and SDS on the kinetics of semi-clathrate hydrates
formation about capture carbon dioxide from flue gas
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Many greenhouse gases are emitted into the atmosphere every year, including
methane, carbon dioxide, carbon monoxide, hydrogen sulfide, etc., which leads to air
pollution and global warming. Consequently, the separation of the gases above from
their respective gas streams has been of industrial and environmental importance
from the last century to the present day. Cryogenic distillation, pressure swing
adsorption (PSA), membranes, and liquid absorption are commonly used methods
currently used for this purpose. These approaches have limitations such as high
energy demand, high cost, corrosiveness, loss of solvent, or low capacity. Recently, a
new technology called the gas hydrate formation/dissociation method has been
proposed, has received a lot of attention, and has broad application prospects.
One way to facilitate the conditions for the formation of gas hydrates involves
the use of thermodynamic promoters. These additives shift the phase equilibrium to
more energetically favorable conditions, such as lower pressures and higher
temperatures. One class of molecules that are effective thermodynamic promoters are
quaternary ammonium salts.
The present study deals with complex experimental evaluation of a
concentration effect non-ionic and anionic surfactants semi-clathrate hydrates
formation about capture carbon dioxide from flue gas (N2 (83.13 mol.%) / CO2 (16.87
mol.%)). Semiclathrate hydrates of tetra n-butylammonium bromide (TBAB) are
favorable phase change materials, due to their moderate hydrate formation
conditions. The kinetics of N2/CO2 - TBAB semiclathrate hydrate formation in the
presence and absence of Tween-80 and sodium dodecyl sulfate (SDS) as a nonanionic and anionic surfactant is investigated in this research.
The experiments were performed in a 400 cm3 stirred batch reactor at an initial
pressure of 2.1 MPa and isothermal condition of 273.55 K. Aqueous solutions of
TBAB with a concentration of 5 wt.% in presence and absence of Tween-80 and SDS
with concentrations of 500, 1500, and 3000 ppm are tested. The separation factor and
recovery of carbon dioxide at low pressure were estimated depending on the
surfactant's concentration. Changing the concentration of Tween-80 or SDS storage
capacity of formed hydrates almost no effect, and is about 30 m3/m3. Tween-80 with
1500 ppm of this additive in the process of СО2/N2 separation is the optimal effect:
separation factor - 9.5, СО2 recovery - 53.1.
This work was supported by the Russian Foundation for Basic Research under
number 20-38-70035.
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X-ray studies of d, l- aspartic and l-glutamic acids in a wide range of temperatures
Knyazev A.V., Shipilova A.S., Knyazeva S.S., Gusarova E.V., Kusutkina A.M.,
Logacheva A.S.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: kotovasya2017@gmail.com
Amino acids have an important role in living organisms. Aspartic acid can be
used as a nutritional supplement and it is one of major raw materials for the
sweetener aspartame and for the pharmaceutical intermediate l-asparagine
monohydrate. It acts as a neurotransmitter in nervous system and has a direct
influence on natural configuration and functionality of proteins, what was
demonstrated on example of various neural pathologies. L-glutamic acid is the
principal excitatory neurotransmitter in brain. This acid can be used to treat hepatic
coma and to mend the intelligence development of children. Thermal X-Ray in wide
temperature range makes it possible to estimate thermal expansion of a test substance
along various crystallographic directions. The quantitative characteristic of thermal
expansion is called the coefficient of thermal expansion. To study the thermal
properties of d, l- aspartic acid in the temperature range from 150 to 475 K and of lglutamic acid in the temperature range from 150 to 425 K, a powder diffractometer
XRD-6000 Shimadzu (CuKα radiation, reflection photography θ-2θ) with a scanning
step of 0.02 ° in the range from 5 to 60 ° and a low temperature attachment TTK- 450
Anton Paar were used. The result of the experiment is a series of radiographs
obtained at certain temperatures with scanning step 25 K (increments). X-ray
diffraction was performed using the XRAY software [1]. Calculation of the
coefficients was performed in the DTC software package developed in the St.
Petersburg State University [2].
Table 1.The coefficients of thermal expansion of the investigated compounds.
Compound

T, K

L-glutamic
D, L- aspartic

300
300

αa·105,
K-1
-0.06
-1.66

αb·105,
K-1
0.47
5.35

αc·105,
K-1
2.97
1.62

α β ·105,
K-1
-1.7

Thermal expansion of d, l- aspartic is anisotropic, and its coefficient of thermal
expansion depends on temperature. The greatest thermal deformations are observed
along the crystallographic axis b, which is due to the weak hydrogen bonds along this
direction. The structure compresses along the crystallographic axis a. The l-glutamic
acid structure expands along the b and c crystallographic axes and slightly
compresses along the axis a. The greatest thermal deformations are observed along
the crystallographic axis c.
References
[1] Kovba L.M., Trunov V.K. // X-ray analysis. Moscow State University. 1976.
[2] Belousov R.I., Filatov S.K. // Glass Physics and Chemistry. 2007. V. 33(3). P.
271-275.
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Modification of sodium isobutyl xanthate as a collector in the flotation of a
sulfide copper ore
Kutzhanova K.Zh., Kurmanova A.F., Pustolaikina I.A., Rakhimzhanova A.S.,
Esenbekova S.K.
Karagandy University of the name of academician E.A. Buketov,
Karaganda, Kazakhstan
E-mail: kutzhanovak@mail.ru
Today, the number of studies aimed at solving the problems of complex
processing of mineral raw materials is increasing. In this regard, flotation is one of
the most common technological methods of mineral processing.
In order to increase the recovery of copper concentrate from Bozshakol coppersulphide ore, flotation studies of the cationic collector of sodium butyl xanthate were
carried out. The collector was investigated both in single use and in combination with
anionic collector - tannin (ratio - 1: 1). Methods of using tannin as an additional
collector are considered. The aim is to assess the chemical and technological
indicators of the beneficiation process, to study the properties of collectors. And also
the influence of sodium butyl xanthate on the state of flotation concentration of
copper-sulfide ores. The effectiveness of using a combination of strong and weak
collectors has also been studied.
Studies of atomic emission spectral analysis and IR absorption spectra of sulfide
ore samples, as well as applied collectors, showed the following results.
When studying the possibility of using tannin as an additional collector in the
"ore-xanthate-tannin" flotation system, it was shown that the concentrate rate of
recovery (42.12%) is significantly high compared to the concentrate rate of recovery
in the "ore-xanthate-tannin" system ( 33.55%). Tannin compounds contributed to an
increase in concentrate recovery of 8.57%. This explains the possibility of consuming
tannin compounds as an additional collector and flotation intensifier for process
improvement.
According to the results of the IR-spectral analysis of the surface compounds of
collectors in copper-sulfide ores, it was shown that the structure of the formed surface
compounds is of paramount importance in the flotation of minerals. The structure of
the formed surface compounds affects the process of flotation of ore particles. This
was facilitated by the use of a combination of weak and strong collectors.
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Computational search for ternary high-entropy transition metal borides
Kvashnin A.G.1, Tantardini C.1, Zakaryan H.A.2, Kvashnina Yu.A.3, Oganov A.R.1
1
Skolkovo Institute of Science and Technology, Moscow, Russia
2
Yerevan State University, Yerevan, Armenia
3
Pirogov Russian National Research Medical University, Moscow, Russia
E-mail: A.Kvashnin@skoltech.ru
Operation of many of the industrial application is not possible without using
superhard materials. It is very challenging to find new cheap and effective material
which can substitute traditional materials in many field of science and technology.
The most widely used superhard materials belong to the groups of metal borides,
carbides, nitrides, and the like [1]. Recent theoretical and experimental studies of
binary tungsten and molybdenum borides [2–4] show the formation of higher borides
with the composition MeB5-x. This motivates us to study ternary system containing
tungsten, molybdenum and boron.
Crystal structure prediction of new ternary compounds is challenging due to
very large chemical space with many possible compositions, few of which turn out to
be stable. Moreover, some physical properties of binary compounds, such as hardness
for metal borides, could be improved by adding a third element. Thus, the prediction
of the crystal structure of ternary compounds becomes fundamentally important for
new hard and superhard materials.
To discover new ternary W–Mo–B compounds, we used the evolutionary
algorithm USPEX [5–7]. Two of newly predicted compounds, WMo2B3 and
WMo5B6, have a structural motif of α-MoB, whereas W4Mo4B15, WMo2B11, and
W5MoB14 have new structural motifs that have not been observed in binary
compounds. Moreover, we found that WB-MoB solid solutions can be
thermodynamically stable at high temperatures due to high configurational entropy.
Ternary systems show the possibility to discover new hard ternary compounds and
high-entropy alloys [8].
This work was supported by the Russian Science Foundation (№ 19-72-30043).
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Computational search for new high-temperature superconductors
Kvashnin A.G.1, Semenok D.V.1, Kruglov I.A.2,3, Oganov A.R.1
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Hydrogen-rich hydrides attract great attention due to recent discoveries of hightemperature superconductivity in H3S [1,2], LaH10 [3–6]. Here we perform a
systematic evolutionary search coupled with density functional calculations for new
phases in the Th-H [7], U-H [8] and other numerous systems under pressure [9,10] in
order to predict new high-temperature superconductors. Computational searches at
various pressures were performed using the variable-composition search as
implemented in evolutionary algorithm USPEX [11–13]. Several new thorium
hydrides were predicted to be stable under pressure, including ThH3, Th3H10, ThH4,
ThH6, ThH7 and ThH10. Fcc-ThH10 was found to be the highest-temperature
superconductor with TC~200 K at 100 GPa. This theoretical study, was continued by
the experimental synthesis of Th-H phases at high-pressures including ThH10 and
measurements of their superconducting properties. Obtained results can be found in
Ref. [14]. Available theoretical and experimental data about superconducting
properties of hydrides was used to develop neural network and propose a distribution
of superconducting properties of hydrides across the Mendeleev’s Periodic
Table [10].
This work was supported by the Russian Science Foundation (№ 19-72-30043),
Authors also acknowledge support by RFBR foundation № 19-03-00100 and facie
foundation, grant UMNIK №13408GU/2018.
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Promising cobalt-containing thermoelectric materials
Lavrenova Zh.A., Knyazev A.V.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: LavrenovaZhA@yandex.ru
Thermoelectric materials are characterized by their ability to convert temperature
differences into useful electrical power provided by the Seebeck effect. The
efficiency of these materials with this energy conversion can be described in terms of
𝑍𝑇 – a dimensionless quality indicator that depends on temperature, electrical
resistivity, and thermal conductivity.
𝑆2𝜎
𝑍𝑇 =
𝑇
𝑘
where: T – the absolute temperature [K], S - Seebeck coefficient [µVK-1], 𝜎 –
electrical conductivity [Ω-1cm-1],𝑘 – thermal conductivity [Wm-1 K-1]. Based on this
expression, we can conclude that a thermoelectric material must have a large Seebeck
coefficient, high electrical conductivity, and low thermal conductivity. The
interdependence of these values complicates the improvement of the 𝑍𝑇 indicator.
For such material to be profitable in practical application, they must have values of
𝑍𝑇 ≥ 1. Cobalt-containing thermoelectric materials have a great prospect of
application, since they are non-toxic and relatively inexpensive. The ancestor of such
thermoelectric materials Ca3Co4O9 shows a 𝑍𝑇 of almost 0.9 at 700°C. Therefore, it
became necessary to select elements that can be doped to increase 𝑍𝑇 to the values
we are interested in. This is our research. Ag, Ti, Sr, and some others were selected as
such elements.
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New structural type of phosphates - analogues of α-CaMg2(SO4)3
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The substitution of sodium atoms in the known Na3Fe2(PO4)3 phosphate with the
NASICON structure with elements in the oxidation state +3 allows the existence of
not yet studied R3+Fe2(PO4)3 phosphates and in more general case of RR'2(PO4)3 (R'=
Fe, Al, Cr, Ga, Sc). The aim of this work is to synthesize and study the crystal
structure of BiFe2(PO4)3 and the Bi1-xSbхCr2(PO4)3 solid solution, and to study their
phase formation. The choice of bismuth and antimony is due to the large ionic radii
and polarizability of the lone electron pair, which contribute to the manifestation of
magnetic and dielectric properties by phosphate crystals.
Polycrystalline BiFe2(PO4)3 and Bi1-xSbxCr2(PO4)3 were prepared by coprecipitation of salts from an aqueous solution. They were characterized by X-ray
diffraction (XtaLAB Pro and Shimadzu LabX XRD-6000 (with Anton Paar TTK 450
temperature attachment) diffractometers), IR spectroscopic (Shimadzu FTIR-8400S
spectrophotometer), and microprobe analyzes.
Annealing of BiFe2(PO4)3 and Bi1-xSbxCr2(PO4)3 samples at 800°С led to the
formation of single phase products. According to the XRD data, the samples
crystallize in the α-CaMg2(SO4)3 structural type (space group P63/m). An increase in
temperature increases the intensity of reflections in diffraction patterns, which
indicates an increase in the degree of crystallinity of phosphates. BiFe2(PO4)3
according to DTA and XRD data melts at a temperature of (1040 ± 5)°C and is a
congruently melting compound. Phosphates Bi1-xSbxCr2(PO4)3 (0 ≤ x ≤ 1) are stable
up to 1200°C. The IR spectra of the studied samples are typical of complex
anhydrous phosphates and, according to the factor group analysis, represent a
complex superposition of a large number of vibrations. The number of
distinguishable maxima in the regions of stretching (1245–900 cm–1) and bending
(675–400 cm–1) vibrations reaches 12–13, which is lower than the theoretically
predicted one. BiFe2(PO4)3 single crystals were grown by the melt method. The
results of X-ray diffraction analysis showed that the compound has a hexagonal
symmetry with a primitive lattice. The structure consists of three types of polyhedra:
PO4 tetrahedra, two faces connected by FeO6 octahedra and BiO6 octahedra. Isolated
PO4 tetrahedra, which share oxygen vertices with double FeO6 octahedra, form a
three-dimensional framework [Fe2(PO4)3]3∞, in the voids of which bismuth atoms are
located. Comparison of structures of the BiFe2(PO4)3 and NASICON types is carried
out. The study of the thermal expansion of the synthesized samples made it possible
to attribute them to medium- and highly expansion materials (4 < α·106 К−1 < 11).
The reported study was supported by the Russian Foundation for Basic
Research, research project No. 20-33-90014.
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An Experimental Calorimetric Study of Thermodynamic Properties of UO2WO4
Lelet M.I., Mikhailov D.A., Lelet Yu.N.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: maxlelet@gmail.com
Uranium is important in a number of chemical and nuclear processes. It has
received intensive study over the last decades, because it is a key energy source and
also because of the environmental aspects related to its use and disposal. Uranium is,
in terms of more basic scientific research, of interest because it belongs to the group
of actinides, that is, those elements having 5f electrons. As such, uranium can occur
in different oxidation states ranging from +2 to +6. The most stable oxidation state
under ambient atmospheric conditions is +6. U6+ forms stable dioxo UO22+ groups
known as uranyl groups. These groups occur in aqueous solution and also in, for
example, high-temperature oxide and oxosalt melts. There are a large number of
known uranyl-containing minerals and synthetic crystalline compounds. One of the
largest groups is the oxo-salt uranyl-bearing phases. This large group includes, for
instance, the oxo-silicates and -germanates, oxo-borates, oxo-phosphates, and oxoselenates. The uranyl molybdates and tungstates, although perhaps less known, also
belong to this large family of oxo-salt compounds. Both natural and synthetic phases
are known. One of the most acute modern problems is a radioactive contamination of
the environment. Usually it is associated with the migration of radionuclides in
technogenic conditions, such as spent nuclear fuel storage facilities. One of the most
effective methods for increasing the efficiency of monitoring the radiation
contamination adjacent to such storage facilities is the construction of models for the
migration of radionuclides in water and soil objects of the environment. However, the
construction of such models requires knowledge of the physicochemical properties of
radionuclides and complexes with their participation. In this respect, uranium
molybdates of alkali metals are of particular interest, due to the fact that uranium and
Group VI metals are actively involved in the nuclear fuel cycle.
A calorimetric and thermodynamic investigation of uranyl tungstate, UO 2WO4
(cr), was undertaken. The phase was synthesized by solid-state sintering of a mixture
of tungsten (VI) oxide and gamma-uranium (VI) oxide at high temperature. The
synthetic products were characterized by X-ray powder diffraction and X-ray
fluorescence methods. The enthalpies of formation of both phases were determined
using HF-solution calorimetry.
o
The low-temperature heat capacity, 𝐶𝑝,m
, was measured using adiabatic
o
calorimetry from T = 5 to 320 K for UO2WO4. Using these 𝐶𝑝,m
(𝑇) data, the third law
o
entropy at T = 298.15 K, 𝑆m , was calculated. This new experimental result, together
o
with literature data, are used to calculate the Gibbs free energy of formation, Δf 𝐺m
,
o (𝑇)
for UO2WO4. Smoothed 𝐶𝑝,m
values between 0 K and 320 K are presented, along
o
o (𝑇)
o (0)]
o (𝑇)
o (0)],
with values for 𝑆m and the functions [𝐻m
− 𝐻m
and [𝐺m
− 𝐻m
for
UO2WO4.
This work was supported by the Ministry of Education and Science of the
Russian Federation (0729-2020-0053) on the equipment of the Collective Usage
Center “New Materials and Resource-saving Technologies” (Lobachevsky State
University of Nizhnii Novgorod).
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Experimental and theoretical study of the thermodynamic properties of
dibenz[a,h]anthracene, benz[g,h,i]perylene and indeno[1,2,3-c,d]pyrene
Lelet M.I., Silyakova E.O.
Lobachevsky University, Nizhnij Novgorod, Russia
E-mail: maxlelet@gmail.com
With the constant global growth of industrial capacities, monitoring of
pollutants in environmental objects has long become an urgent need, since not only
the qualitative and quantitative composition of pollutants is constantly changing, but
also their number is steadily growing. Priority pollutants include polycyclic aromatic
hydrocarbons (PAHs). The danger of PAHs is that they can contribute to the
occurrence of carcinogenic, teratogenic, or mutagenic changes in organisms.
Depending on the conditions of exposure, they can cause mutagenesis, teratogenesis,
growth inhibition, accelerated aging, toxicogenesis and impaired functioning of
immunological systems, which leads to impaired individual development and
changes in the gene pool in the medium and long term.
The temperature dependences of the isobaric heat capacity of three PAHs:
dibenz[a,h]anthracene, benz[g,h,i]perylene, indeno[1,2,3-c,d]pyrene in the
temperature range from T → 0 to room temperature were studied for the first time as
a result of the work by precision adiabatic calorimetry method. Their enthalpies of
combustion were determined using the method of bomb combustion calorimetry. A
comprehensive thermal analysis was carried out, and quantum chemical calculations
were performed. Based on the obtained experimental and theoretical data, the
standard thermodynamic functions of the formation of these compounds were
calculated.
The study was supported by a grant from the Russian Science Foundation
(project No. 19-73-00303).
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Zinc oxide nanoparticles modified by triterpenoids as a promising component of
new drugs
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Zinc oxide nanoparticles (ZnO NPs), capable of exhibiting bactericidal and
bacteriostatic effects, as well as promoting collagen synthesis, are of great interest as
components of drugs. Moreover, the large specific surface of ZnO NPs allows being
an agent of a drug delivery system.
Interest in betulin (lup-20(29)-en-3β,28-diol), a component of birch bark, and its
natural and synthetic derivatives is due to their antitumor, hepatoprotective, antiviral
and other pharmacological properties. Recently, we have shown anticancer activity of
the betulin derivatives for Ehrlich carcinoma treatment. The main problems of the
treatment by triterpenoids are low bioavailability and necessary of drug delivery
system (for example, liposomes, niosomes, micelles, inclusion complexes).
The work considers the development of new active pharmaceutical ingredients on
the base of ZnO NPs modified by lupane triterpenoids such as betulin and its
derivatives.
Zinc oxide nanoparticles (ZnO NPs) were prepared by the sol-gel method using
zinc acetate as a precursor and lithium or sodium hydroxide as a precipitant in
ethanol. The sol-gel process was carried out with the replacement of a solvent
(ethanol–heptane); after that, nanoparticles were separated and dried. The
immobilization of betulin, betulonic acid, betulin diacetate and betulin diphosphate
into ZnO NPs was carried out by treatment with ethanol solutions of triterpenoids.
The properties of modified ZnO NPs were studied by powder XRD (average sizes of
10–20 nm), FTIR (νZnO 450 cm−1), UV–vis (345–360 nm), and blue-violet emission
(380–420 nm).
We showed that malonic dialdehyde (MDA) level decreased under the action of
ZnO NPs modified by triterpenoids as well in plasma as in erythrocytes. The
treatment by ZnO NPs activated the antioxidant metabolic processes, mainly
antioxidant enzyme activity (superoxide dismutase, catalase, glutathione reductase
and glucose-6-phosphate dehydrogenase). The influence of ZnO NPs mainly
determined the improvement of antioxidant biochemical indexes, that can be useful
for the preparation of different kinds of medicines.
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Bis(arene)chromium indolinonespiropyrrolidinofullerides
Markin G.V., Ketkov S.Yu., Lopatin M.A., Shavyrin A.S., Kuropatov V.A.,
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1’-Methylfullereno[1,9:3’,4’]pyrrolidin-2’-spiro-3-N-phenylindolin-2-one (1a)
reacts with bis(3,5-dimethyl-tertbutylbenzene)chromium (2a) to form ion-radical salt
bis(3,5-dimethyl-tertbutylbenzene)chromium 1’-methylfullerido[1,9:3’,4’]pyrrolidin2’-spiro-3-N-phenylindolin-2-one (3a). NIR spectrum of fulleride 3a in THF at 290
K indicates strong absorption bands in 700 -1050 nm range typical for anions [1a],
it may be used to preparation NIR-devices. Fulleride 3a is stable below 363 K.
Bis(3,5-dimethyl-tertbutylbenzene)chromium (1a) was prepared by Fischer method at
293 K using CrBr3 and 3,5-dimethyl-tertbutylbenzene. Fullerene 1a was prepared by
reaction of C60 with 1-phenylisatin and sarcosine in o-dichlorobenzene (DCB) at
413K.

Figure 1. Preparation and NIR-spectrum of 3a

The work was performed using the instrumental base of the Analytical Center of the
G.A. Razuvaev Institute of Organometallic Chemistry, RAS and in the framework of
the Russian state assignment and project RFMEFI62120X0040.
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Synthesis of calcium hydroxy- and fluorapatites substituted by M2+ metals.
Study of properties, clarification of the structure
Mikhailov D.A., Lelet Yu.N.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: tcfc@mail.ru
Apatite overgroup compounds are a family of mineral-like solid solutions
with the general formula IXM14VIIM26(IVTO4)6X2 (Z=1, hexagonal syngony), where
framework positions M1, M2 may be occupied by one-, two-, three- or four-charge
cations with the indicated coordination; tetrahedral positions T most often occupied
by ions of Si, P, S, rarely B, Ge, As, V, Cr, Mn; cavity positions X are occupied
(OH)-, Hal-, O2.
In the body of most vertebrates, calcium-containing hydroxy- and fluorapatites
фторапатиты (Ca10(PO4)6(OH)2 – Ca-HAPA, Ca10(PO4)6F2 – Ca-FAPA)) are the
basis of all bone formations. However, calcium ions, under the influence of a number
of factors, can be displaced from the apatite structure by other divalent metals. The
ions of alkaline earth elements (Mg, Sr, Ba, Ra) and transition metals (Mn, Fe, Co,
Ni, Cu, Zn, etc.) have a critical effect on cartilage and bone tissue. With this
substitution, an accelerated leaching of calcium and the toxic effect of substituted
pollutant ions on collagen of bone and adjacent tissues occurs. As a result, the
strength and hardness of the already formed bone tissue decreases, the interruption or
abnormal growth of bone occurs, the body becomes intoxicated with ions of heavy
metals, which causes the occurrence of chronic diseases of the musculoskeletal
system, circulatory system, kidneys, lungs, nervous system, harmonic disorders.
We investigated the synthesis process of partially and fully Sr, Ni, Co, Cu, Mn,
Zn-of substituted hydroxy and calcium fluoroapatite. The synthesis of polycrystalline
samples was carried out by the sol-gel method, followed by keeping the gel for 40
hours in an excess of NH4OH or NH4F. Heat treatment of the filtered and dried gel
was carried out at 650, 850 °C for 5-10 h at each stage. Their structure, thermal and
hydrolytic (under static conditions) stability, biological toxicity and other properties
were determined.
This work was supported by the Ministry of Education and Science of the
Russian Federation (0729-2020-0053).
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Synthesis and study of rubidium uranate Rb2U6O1910H2O
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Lobachevsky University, Nizhny Novgorod, Russia
E–mail: nipruk@yandex.ru
Uranates are a large group of uranium compounds containing oxygen and
various chemical elements. They are chemically stable and can form on all stages of
nuclear fuel cycle, especially in aqueous media. Rubidium uranate Rb2U6O1910H2O
was synthesized for the first time via a reaction between synthetic schoepite
UO32.25H2O and aqueous solution of RbOH. The composition and structure of the
compound was studied using X-ray fluorescence spectrometry, X-ray powder
diffraction, IR-spectrometry, differential thermal analysis and thermogravimetry.
Elemental composition of the rubidium uranate was established via XRF after
dissolving the compound in aqueous solution of nitric acid. Following spectral lines
were used in the analysis: RbKβ and ULβ. The amount of water in the formula unit
was determined by heating the sample to 700С. The compound was established to be
a hydrate with a formula Rb2U6O1910H2O. X-ray powder diffraction shows that the
compound is an individual crystalline phase. Reflections at small 2θ angles and
pinacoidal peaks indicate layered structure of the studied compound.
Four types of absorption bands are found on the IR-spectrum. They correspond
to the molecular H2O, the uranyl moiety UO2δ+, UOH bonds, and U-Oeq bonds in the
coordination polyhedron of U. Characteristic band δ(H2O) is shifted from 1595 cm-1,
as observed for gaseous Η2Ο molecules, to 1631 cm-1 due to the forming of hydrogen
bonds. Due to the same reason both symmetrical and asymmetrical stretching
vibrations νas(H2O) and νs(H2O) are not resolved into the constituents and give a wide
integral band at 3509 cm-1. A band at 915 cm-1 is assigned to νas(UO2δ+). A band at
937 cm-1 is assigned to νs(UO2δ+), which indicates that the uranyl moiety has either a
nonlinear configuration or unequal bond lengths. A band at 981 cm-1 and a shoulder at
3288 cm-1 are assigned to δ(UOH) and ν(UOH) of uranium hydroxide fragment
respectively. Bands at 400-600 cm-1 can be assigned to planar vibrations of U-Oeq.
The uranate is not thermally stable; its thermal decomposition begins at 42 oC.
Six molecules of H2O leave the Rb2U6O1910H2O at 142oC. Upon further heating to
368oC the remaining 4 molecules of H2O evaporate and the compound becomes
amorphous. New crystalline structure forms at 600oC – a mix of Rb2U7O22 and
Rb2U4O13. The former decomposes at 912oC forming Rb2U4O13 and U3O8.
Conducted experiments allow us to establish the structure of the synthesized
rubidium hexauranate. Oxygenous coordination polyhedra of U form the negatively
charged layers, while Rbδ+ cations and water molecules are situated in interlayer
space. They along with hydroxide groups bind the layers creating a three dimensional
lattice.
The authors gratefully acknowledge to the Ministry of Science and Education
of the Russian Federation for the financial support in the framework of the Basic part
of State Program [grant number № 0729-2020-0039].
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Synthesis and thermophysical properties of phosphates M0.5+xMgxZr2-x(PO4)3 (M
– Cd, Sr)
Perova E.R.1, Mayorov P.A.1, Asabina E.A.1, Pet'kov V.I.1, Kovalsky A.M.2
1
Lobachevsky University, Nizhnij Novgorod, Russia
2
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Phosphates of the NZP-family are characterized by a framework structure, wide
possibilities of iso- and heterovalent isomorphism in solid solutions, which are highly
resistant to temperature, aggressive environment and radiation. The compounds may
be employed as the basis of ceramics with controlled thermophysical characteristics.
The purpose of this work was to study phase formation and thermophysical
properties in the systems M0.5+xMgxZr2-x(PO4)3 (M – Cd, Sr). The substances were
synthesized using the sol-gel method starting from the reagents: CdCl2∙2.5H2O,
Sr(NO3)2, MgO, ZrOCl2 and (NH4)2HPO4. Annealing temperatures were 873–1023
K. According to the data of powder X-ray diffraction, IR-spectroscopy and electron
microprobe analysis, NZP-limited solid solutions were formed in the following
regions: 0≤x≤0.6 for Cd0.5+xMgxZr2-x(PO4)3 and 0≤x≤0.5 for Sr0.5+xMgxZr2-x(PO4)3.
The thermal expansion of the phosphates was studied by powder X-ray
diffraction in the temperature range 173–473 K. The studied phosphates
Cd0.5+xMgxZr2-x(PO4)3 were characterized by low average linear thermal expansion
coefficients, but their expansion anisotropy was quite large (figure 1a). Temperature
dependence of thermal expansion coefficients for the phosphates Sr0.5+xMgxZr2x(PO4)3 allowed us to predict the composition of the solid solution (x = 0.18) with
near-zero anisotropy, keeping small average expansion coefficient (figure 1b).
The
thermal
diffusivity
of
the
samples
Cd0.5+xMgxZr2-x(PO4)3
(x = 0, 0.5) was measured using the flash method at temperatures 298–473 K. There
was a slight monotonic decrease in the thermal diffusivity coefficient with increasing
temperature (figure 1c). The low thermal diffusivity values allow these NZP-ceramics
to be regarded as thermal insulators with controlled thermal expansion.
Acknowledgments: The reported study was funded by RFBR, research project Nos.
19-33-90075, 18-29-12063.
(a)

(b)

(c)

х=0.18

Figure 1. Linear thermal expansion coefficients vs. composition for the phosphates:
Cd0.5+xMgxZr2-x(PO4)3 (a) and Sr0.5+xMgxZr2-x(PO4)3 (b). Thermal diffusivity of the phosphates
Cd0.5+xMgxZr2-x(PO4)3 vs. temperature (с).
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Benzylidenemalononitrile as a useful precursor in the synthesis of substituted
pyrrolidines
Petrov P.S., Kalyazin V.A., Slepov V.O.
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E-mail: petrovpc@mrsu.ru
Pyrrolidine-2-carboxylic acid derivatives are promising compounds with
different biological activity and can also be used as precursors in the synthesis of
pyrrol-2-carboxylic acid derivatives. Currently, pyrrolidine-2-carboxylates containing
two cyano-groups are unknown. These compounds are of interest as precursors in the
synthesis of poly-substituted pyrroles. In this paper, we propose a convenient way to
obtain such derivatives.
The interaction of arylidenmalononitriles 1 with imine 2 was carried out in
anhydrous toluene by refluxing for 20-24 hours.

The reaction was controlled by TLC. A mixture of compounds 3 and 4 was
obtained in a 4:1 ratio according to 1H NMR spectroscopy. Using flash
chromatography on silica (eluent – petroleum ether : MTBE – 5:1) and
crystallization, the products were isolated in individual form with good yields (~ 7074 %).
The structure of pyrrolidine-2-carboxylates 3 and 4 has been reliably established
using correlation 2D NMR spectroscopy. In particular, the structure of the carbon
skeleton (regioselectivity of the reaction) was confirmed by the presence of crosspeaks between H5 – Cnitrile, H3 – Cnitrile and H2 – Cester fragments in 1H-13C HMBC
spectra. The stereochemical structure features of these compounds were determined
by the presence of correlations for H5 – H3, H2 – H3 for compound 3 and by absence
of signals for H5 – H3, H5 – H2 correlations in the NOESY spectra.
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Photophysical properties of substituted La and Yb oxyacridinolates
Polyakova S. K.1,2, Balashova T. V.1, Arsenyev M. V.1, Ilichev V. A.1,
Kukinov A. A.1, Bochkarev M. N.1,2
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Complexes of Rare Earth elements with oxyquinoline ligands have bright photo- and
electroluminescent properties, which allows them to be used as emission layers in
model OLED devices [1]. The similarity of hydroxyacridine and hydroxyquinoline
molecules gave reason to expect that hydroxyacridine complexes would also be
effective fluorophores. In search of new fluorophores, we synthesized 7-bromo-1,3di-tert-butyl-4-hydroxyacridine
(HAkrBr)
and
7-methyl-1,3-di-tert-butyl-4Me
hydroxyacridine (HAkr ) and La, Yb complexes based on these ligands.

The complex of La with methyl substituent in oxyacridine ligand revealed photo- and
electroluminescence with λem at 660 nm, and the Yb complex revealed metal-centered
emission corresponding to the f-f transition
2
F5/22F7/2 (Fig. 1). Complexes with bromine
substituents in the ligands turned out to be
luminescent inactive. However the complexes
La(AcrBr)3
and Yb(AcrBr)3 revealed
photovoltaic properties. It was established that
all the materials studied possess high
photosensitivity. The highest photovoltaic
characteristics among the tested devices was
found for a cell based on a lanthanum
Figure 1. The EL spectra of single layer
device /TPD (20 nm)/complex (40
nm)/BATH (20 nm)/Yb.

complex La(AcrBr)3, which exhibited an
open-circuit voltage UOC = 0.42 V, and short
current JSC = 180 A/cm2.

[1] Baranov E. V., Fukin G. K., Balashova T. V., Pushkarev A. P., Grishin I. D.,
Bochkarev M. N. // Dalton Transactions. 2013. V. 42. P. 15699–15705.

52

Materials science of the future: research, development, scientific training

Synthesis of gallium oxide via interaction of gallium with oxygen in plasma
Prokhorov I.O., Mochalov L.A., Logunov A.A., Maierova V.R.
Nizhny Novgorod State Technical University n.a. R.E. Alekseev, Nizhny
Novgorod, Russia
E-mail: igorprokhorov1998@yandex.ru
Development of new methods for the synthesis of promising materials like
gallium oxide are in demand. The main reason of creation fundamental physical and
chemical foundations are the properties of this material: ultra wide bandgap (4,85
eV), UV absorption (less than 280 nm), resistance to ionizing radiation. Ga2O3
production is going to be used in hybrid cars, electrical equipment of high-power,
ultraviolet radiation sensors and uninterruptible power supplies (UPS) [1].
Unfortunately, there are some problems with commercial realization of gallium
oxide. Traditional technological of synthesis is a little avail for this material [2].
MOCVD synthesis as has been discussed more than once has got a huge lack. This
problem is using organometallic compound. Finally, there is a carbon in this material.
There may be defects and in the end our device for high power electronics will heat
and may be damaged. Modern power electronics need high purity materials with
UWB. The large band gap (4.85 eV), which is the third largest forbidden zone amid
semiconductors) have been measured, the thermodynamically stable β-Ga2O3 phase
seems to be the most attractive representative of this class of materials for application
in semiconductor devices operating in the UV and the Visible spectrum [3].
We have used PECVD (plasma enhanced chemical vapor deposition) method.
The high-purity elemental gallium was used as the precursor, which was delivered by
an carrier gas to the reaction zone, where it was interacted with oxygen. RF nonequilibrium plasma discharge at low pressure (0.1 Torr) was employed for the
initiation of interactions between precursors. Optical Emission Spectroscopy allowed
us to find out the reactive species formed in the plasma discharge. It allows us to
implement the formation of the pure β-Ga2O3 phase as a direct one-step process. The
properties of the solid phase obtained were studied as well.
Acknowledgement: The reported study was supported by Russian Science
Foundation, grant № 19-19-00510 “Development of a Novel Plasma Enhanced Vapor
Phase Method for Deposition of Gallium Oxide Films for Applications in Highpower Electronics and in UV Schottky Diodes”.
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Plasma-chemical purification of iodine.
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High purity iodine is very important component of transparent materials in
deep purification processes, in the near (NIR) and middle Infrared (MidIR) ranges
[1]. Owing to high reaction ability and low melting temperatures of the iodides in
comparison with the simple elements (for example, Tm (Ge) = 938 ° C, Tm (GeI4) =
146 ° C), it is practicable to reduce the temperature and duration of the synthesis of
the glasses to reducing of contamination of the final glasses from materials of setup.
Similarly, the high volatility of iodides makes it possible to purify them more
thoroughly from impurities by distillation or sublimation and, then, load into an
ampoule using vacuum evaporation. Besides, iodine is the basic element of some
semiconductor materials. However, in the case of iodides exactly the purity of iodine
is the limiting factor of the impurities content in iodides, since for germanium,
sulphur, arsenic, or tellurium the methods of their deep purification for the purposes
of IR optics are well developed and they are obtained in much more pure state in
comparison with elemental iodine.
Thus, obtaining high-purity iodine is an actual modern task and one of the
ways to improve the quality of semiconductor and optical materials prepared on its
basis. The purpose of this work is to develop a new method of iodine purification
based on intermediate plasma-chemical oxidation of iodine in argon-oxygen nonequilibrium low-temperature plasma under reduced pressure.
The new method is aiming to reduce both the metal and the carbon containing
impurities. The setup was consisted of a reagent supply system (oxygen, argon,
iodine), a plasma-chemical reactor, a trapping system, an RF generator, and a
pumping system. The reagent supply system includes the gas lines and the precision
electronic gas flow regulators. The plasma chemical reactor was a tube made of a
quartz glass with an inner diameter of 40 mm with an external inductor. The pressure
in the reactor was maintained constant and equal to 1 Torr [2]. The discharge was
excitedby RF generator. The properties of the solid phase obtained were studied as
well.
Acknowledgement: The reported study was supported by Russian Science
Foundation, grant № 19-19-00510 “Development of a Novel Plasma Enhanced Vapor
Phase Method for Deposition of Gallium Oxide Films for Applications in Highpower Electronics and in UV Schottky Diodes”.
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A DFT study of the medium effect on proton transfer reaction at .СН2ОН
radical and amines systems
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The solvent medium effects on the proton transfer reaction that takes place on the
intermolecular complexes due to hydrogen bonds of oxymethyl radical •CH2ОН and
amines, were studied based on density functional theory (DFT) at the level of
B3LYP. The oxymethyl radical is a convenient model particle that describes the
protolytic properties of larger oxyradicals used as spin probes in EPR spectroscopy.
A homologous series of primary, secondary, and tertiary amines (ammonia,
methylamine, dimethylamine, trimethylamine) was taken as reaction partners of the
oxymethyl radical. Water and toluene were taken as solvents to study the effect of
polar and non-polar media. We have studied the influence of the medium using the
polarizable conductor continuum model (CPCM) on the calculation of the activation
energy barrier and the hydrogen bond length (Figure 1, Table 1).

a) water;
b) toluene;
Figure 1. Potential energy curve of proton transfer between oxymethyl radical and ammonia.
Table 1. The hydrogen bridge length and activation energy barrier for the studied systems
No
System
Hydrogen bridge length
Solvent
Ea
R(O…N), Å
A.U.
kJ/ mol
1

.

СН2ОН – ammonia

3

.

СН2ОН – methylamine

4

.

СН2ОН – dimethylamine

5

.

СН2ОН – trimethylamine

water
toluene
water
toluene
water
toluene
water
toluene

2.64
2.68
2.63
2.66
2.63
2.65
2.62
2.63

0.012
0.026
0.011
0.020
0.012
0.021
0.01
0.019

31.51
68.26
28.88
52.51
31.51
55.14
26.25
49.88

According to calculations based on a ‘one-dimensional’ proton transfer model,
the potential energy curve of proton transfer between oxymethyl radical and amines,
depends substantially on the medium polarity. The activation energy barrier is almost
2 times lower for proton transfer in a polar solvent water than in non-polar toluene. It
was also noted that the hydrogen bridge length is shorter in polar water. Obtained
results are in good agreement with available experimental data.
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Quantum chemical modeling and identification of chrysin complexes with
calcium
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Chrysin (5,7-dihydroxyflavone) - С15Н10О4, is a natural flavone found in honey,
propolis, honeycomb, the passion flowers, Passiflora caerulea and Passiflora
incarnata. It is used by athletes for improvement of physical performance
andnormalization of the hormone imbalance in the body. However, chrysin is
insoluble in water and has a low bioavailability. Its solubility and bioavailability can
increase as a result of complexation with metal ions. 2:1 molar ratio complex of
chrysin with calcium(II) was obtained experimentally. Semi-empirical РМ6 modeling
was performed to determine the structure of the synthesized complex.
The chrysin molecule contains two acidic hydroxyl protons at positions 1 and 2
(Figure 1, a). Calcium ions can enter into exchange reaction with hydroxyl protons of
chrysin:
С15Н10О4 + Са2+ ↔ Са(С15Н9О4)+ + Н+
The formation of complexes of two types can be assumed based on the
structure of the chrysin molecule (Figure 1, b-c).

a) chrysin molecule;
b) complex 1;
c) complex 2;
-1
E
=
-0.43923181
A.U.
E
=
total
total -0.49881893 A.U.
v1=4041 cm ;
-1
v2=3800 cm
Figure 1. Geometric configurations of computational structures

A quantum-chemical calculation of the total energies of complexes 1 and 2 was
carried out. It was found that Complex 2 is 156 KJ / mol thermodynamically more
stable than Complex 1. However, the formation of complex 2 is also possible.
Probably a mixture of complexes 1 and 2 is formed as a result of the complexation
reaction between chrysin and calcium ions. Moreover, the Complex 2 fraction is
greater.
Calculated valent vibrations of hydroxyl fragments of chrysin can serve for IR
spectral identification of complexes:
- v1=4041 cm-1 for identification of Complex 2;
- v2=3800 cm-1 for identification of Complex 1.
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The influence of the carbon nanotubes orientation in an electric field on
their emission properties
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The using of carbon nanotubes (CNTs) in electronics is mainly determined by
the morphology of the cathode material, that depends on the synthesis method and
treatment of CNTs arrays. The formation of cathodes by the printing technologies
leads to extremely low ordering massive of CNTs. While the CNT growth on
catalyst dots or in a matrix leads to highly ordered aligned arrays of CNTs. In this
work, we investigated the effect of an electric field on the emission properties of
ultrashort CNTs chirality (n,0) where n=5,6,7 and (n,n) where n=3,4. The constant
electric field strength was varied in the range of 0–2.1V/Å in increments of 0.1V/Å.
The angle of the field strength relative to the cylindrical axis of the CNT (angle Θ)
was varied from 0º to 90º in increments of 15º. The length of model (n,0) and (n,n)
CNTs is 6 cyclic cis-polyene and 6 cyclic trans-polyene chains respectively. The
hanging bonds were saturated with hydrogen atoms. The calculations were performed
by the method Hartree-Fock 3-21G basis set in FireFly package.
Table 1. The values of the critical field strengths providing the transition of the emission
orbital [1] to the LUMO (E cr1) and HOMO (Ecr2), for model CNTs depending on the angle Θ.
Chirality index of CNT
(5,0)

Angle Θ

(6,0)

(7,0)

(3,3)

(4,4)

Еcr1,
V/Å

Еcr2,
V/Å

Еcr1,
V/Å

Еcr2,
V/Å

Еcr1,
V/Å

Еcr2,
V/Å

Еcr1,
V/Å

Еcr2,
V/Å

Еcr1,
V/Å

Еcr2,
V/Å

0

0.7

1.3

0.9

1.8

1.1

2.0

0.4

1.1

0.5

1.1

15

0.6

1.3

0.9

1.8

1.1

2.0

0.4

1.2

0.5

1.1

30

0.6

1.3

0.9

1.8

1.1

2.0

0.4

1.2

0.5

1.1

45

0.7

1.3

0.9

1.8

1.2

2.0

0.4

1.3

0.5

1.2

60

0.7

1.5

1.0

2.0

1.6

2.1

0.4

1.8

0.6

1.4

75

0.9

1.8

1.8

2.1

1.6

2.1

0.5

1.8

0.7

1.8

90

1.3

-

2.0

-

2.1

-

0.9

-

1.1

-

It was shown the emission molecular orbitals [1] of carbon nanotubes are
sensitive both to the magnitude of the electric field strength and to the direction of the
field strength vector. An increase in the angle Θ worsens the emission properties of
CNTs starting from Θ=45°. An increase in the diameter of model CNTs leads to a
smaller effect of the angle Θ on the emission properties of nanotubes. The (n,n)
CNTs exhibit better emission properties at small values Θ. However, at Θ>60° the
emission properties of nanotubes of various chiralities and diameters are "averaged".
References
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Preparation of new rigid cross-linked PVC foams
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Composite (sandwich) materials with an outer layer of hard plastic and an inner
layer of light foam are widely used in the marine, transport, wind energy and aircraft
industry. Rigid cross-linked PVC (c-PVC) foam is the ideal core material for
sandwich structure composites due to its excellent physical, chemical and mechanical
properties, such as excellent mechanical properties to a low weight, selfextinguishing nature, low water absorption, great chemical resistance and acoustic
and thermal insulation properties. This number of unique characteristics is the result
of a semi-interpenetrating network (SIPN) structure, which is formed by combining
polyvinyl chloride with other polymers. Actually, the physical and mechanical
characteristics of c-PVC foam directly depend on the chemical composition and
degree of cross-linking of the resulting polymer matrix. Currently, the technology for
producing structural foams based on PVC, chemical blowing agent and reactive
isocyanates and organic acid anhydrides is widely used. These foams are produced
only abroad, so they are expensive and often inaccessible materials for the domestic
industry. Therefore, the development of modern domestic c-PVC foam is an
important task. The influence of the nature of reactive isocyanates and the
concentration of foaming agents on the chemical structure and physical and
mechanical characteristics of foamed materials is studied. Aromatic methylene
diphenyl diisocyanate (MDI), cycloaliphatic isophorone diisocyanate (IPDI),
azobisisobutyronitrile (AIBN) and isomethyltetrahydrophthalic anhydride were used.
Foams with a density of 40 to 150 kg/m3 and a compressive strength of 0.4 to 2.5
MPa are obtained by changing the concentration of the blowing agent and the ratio of
diisocyanates. The composition of the foam was determined by IR spectroscopy. It
was determined that the use of aromatic MDI leads to a more developed polymer
matrix containing fragments of carbodiimides, urethdiones, and isocyanurates. The
presence of rigid aromatic and heterocyclic structures in the polymer matrix increases
the physical, mechanical, thermal and deformation parameters of foams. It was also
found that aromatic MDI react with anhydride to form a phthalimide fragment. The
presence of rigid cyclic imide fragments in polymers increases their temperature
parameters, such as glass transition, fluidity, crystallization, and degradation. The
glass transition temperature (Tg) of the prepared foam was determined by
thermomechanical analysis (TMA). The Tg of foam based on aromatic MDI
increases by almost 40 °C (from 83.9 to 123.8 °C) compared to foam based on
aliphatic IPDI. In our opinion, this is a direct consequence of the intensive formation
of image structures. Thus, the preparation of rigid cross-linked PVC foam and the
research of its properties is a promising area of polymer chemistry.
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NASICON-type phosphates are perspective multifunctional materials, considered
for applications as ceramics with high resistance to thermal shocks and aggressive media
[1]. Their structure is characterized by stability and flexibility which allow isovalent and
heterovalent substitutions in all crystallographic sites. Recently, it is accidentally found
that NASICON phosphates also have luminescence characteristics, which have been
relatively little reported. In this work, the complex phosphates of the composition
Na1-xEux/3Ti2(PO4)3 were studied as luminescent materials.
The studied phosphates were synthesized via Pechinni technique starting from
the aqueous solutions of NaCl, Eu(NO3)3, TiOCl2, NH4H2PO4, citric acid and
ethylene glycol. Control of the crystallinity and purity of the final products was
carried out using X-ray diffraction analysis on a Shimadzu XRD – 6000
diffractometer, IR-spectroscopy on a Shimadzu FTIR-8400S FT-IR
spectrophotometer, electron microscopy and microprobe analysis on a JEOL JSM7600F electron microscope. The luminescence characteristics of the synthesized
system were investigated on a LOT-Oriel MS-257 spectrograph under UV excitation.
The results evidenced that all the studied phosphates crystallized in NASICON
type. The formation of two regions of solid solutions was observed in the studied
system: compounds with 0 ≤ x ≤ 0.1 crystallized in the space group 𝑅3̅𝑐 analogous to
NaTi2(PO4)3, while the phosphates with 0.2 ≤ x ≤ 1.0 crystalized in the space group
𝑅3̅ similar to Eu0.33Ti2(PO4)3. The obtained photoluminescence excitation spectrum
exhibits transitions, characteristic for Eu3+, in the range from 330 to 480 nm. The
emission spectra exhibit luminescence in the red region of the spectrum, typical for
Eu3+ ions. The intensity of the emission bands increased with growth of europium
concentration from х = 0 to 0.7, while a further increase in х leads to its decrease due
to concentration quenching. Eu3+-doped red phosphors for LED technology must be
significantly doped to enhance absorption and emission. In general, for the
phosphates of the system under study, the luminescence intensity in the visible
spectral region was observed, sufficient for detection with the naked eye, which can
characterize them as promising red luminophores.
Acknowledgments: The reported study was funded by RFBR, research project
No. 18-29-12063.
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Phosphates and arsenate-phosphates of framework structure are known as
promising materials with high stability indicators: thermal, radiation, chemical, low
thermal expansion, optical and magnetic properties. These materials are considered as
the basis for functional ceramics for various fields of technology and matrix materials
for the immobilization of radioactive waste in order to isolate them from the
biosphere. Due to the wide isomorphism of cations, structural analogs of the mineral
langbeinite (K2Mg2(SO4)3) are capable of containing up to 20−30% of alkali metals,
which are HLW, in particular, the Cs-Sr fraction, while maintaining homogeneity.
The purpose of this work is the synthesis and study the structural features of
phosphates and arsenate-phosphates of the composition CsSrMgZr(PO4)3,
CsSrFeMg0.5Zr0.5(PO4)3, ASrFe2(AsO4)x(PO4)3−x (x = 0, 1.0, 1.5, 2.0, 3.0; A = K, Rb,
Cs).
To obtain phosphates and arsenate-phosphates, we used the method of coprecipitation of salts from aqueous solutions with subsequent heat treatment at 90°C
and 400−950°C for 24−120 hours at each stage. Stepwise heating was alternated with
dispersion to ensure homogenization of the samples. The samples obtained were
characterized by powder X-ray diffraction (Shimadzu LabX XRD-6000 (with Anton
Paar TTK 450 temperature attachment)), IR spectroscopy (Shimadzu FTIR-8400S
spectrophotometer), the electron microscopy and the microprobe analysis (The
microscope JEOL JSM-7600F was equipped with a microanalyzer: an OXFORD XMaxN 20 energy-dispersive spectrometer).
There were synthesized individual compounds and solid solutions crystallized
in the langbeinite structure (sp. gr. P213, Z = 4). Phosphate CsSrMgZr(PO4)3
possesses dimorphism: a low-temperature modification with a langbeinite structure
was obtained at 850°C, a high-temperature modification with the structure of the
mineral kosnarite (NZP) at 1250°C.
The thermal expansion of KSrFe2(TO4)3 (T = P, As) compounds was studied by
thermal X-ray diffraction in the temperature range from −100 to 150° C. The
obtained compounds expand isotropically and, according to the values of the average
linear coefficients of thermal expansion, belong to the class of medium-expanding
substances.
Acknowledgement: the reported study was supported by the Russian Foundation for
Basic Research, research project No. 18-29-12063.
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Nowadays, acetic acid amides are becoming more and more important for
practical applications. Among all of acetic acid amides, N-[3(Dimethylamino)propyl]acetamide (DMAPAA), synthesized by amidation reaction
between acetic acid (or ester) and 3-(dimethylamino)-1-propylamine (DMAPA),
deserves a special mention. It is already used as sodium channel blockers and
catalysis in synthesis of polyurethane foams with improved physical properties, while
the number of potential application of DMAPAA is constantly rising.
Despite of these facts, there are only few articles dedicated to synthesis of
DMAPAA. Authors of these articles propose to increase amidation reaction rate by
using of basic homogenic catalysts (for example, NaOH or CH 3ONa). Surely, these
catalysts provide sufficiently high product yields, but usage of them causes the
necessity of neutralization and separation stages. Moreover, in view of the globally
increasing interest towards energy efficient and environmentally friendly chemical
technology for industries, research on the development of robust, recyclable,
selective, metal-free, easy-to-scale up catalysts are thus the need of the hour. Thus,
searching of both effective and environmentally friendly catalysis of DMAPAA
synthesis seems to be rather useful. In recent years, organocatalysis (based on noncovalent interaction of OH- and/or amino groups) is one of the most perspective ways
of organic chemistry. In this work, catalytic activity of OH-group containing
substances (alcohols, aminoalcohols and polyols) in amidation reaction between
acetic acid esters and DMAPA was investigated. According to the results of numbers
of experiments, it was fixed, that addition of monofunctional alcohols (for example,
methanol) to the reaction mixture even to 10% mass does not lead to any acceleration
of amidation reaction. At the same time, addition of aminoalcohols of various
structures causes the 200-250% acceleration effect. Addition of same amount of
glycerol, diethylene glycol and triethylene glycol leads to the increasing of amidation
reaction rate up to 4,8, 4,9 and 5,2 times correspondently. The results of experiments
show that usage catalytic amounts of OH-containing group substances can lead to the
increasing of acetic acid esters amidation rate. According to this positive result can, it
can be stated, that such way of catalysis of industrially valuable processes is rather
perspective.
The investigation of alcohols catalytic properties was financially supported by
the Russian Science Foundation project №19-73-00276. The investigation of
aminoalcohols catalytic properties were performed within the framework of the state
assignment in the sphere of scientific activity (topic № FSWE-2020-0008).
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MIAVBVIO6∙nH2O (MI –H3O, Li, Na, K, Rb, Cs, Tl; AV –V, Nb, Sb, Ta, BVI=
W, Te; n=0,1) tungsten and tellurium oxides of complex nature that crystallize in
pyrochlore-like structures are the representatives of promising inorganic materials
that are widely exploited for manufacturing of novel functional materials.
The oxides in question are different in composition due to their considerable
isomorphic capacity. That being said, the composition of that class of compounds
might be varied in a wide range to tailor their properties.
It is well known, that complex oxides comprised of tungsten, tellurium,
elements of the fifth group and an alkali metal exhibit high values of ionic
conductivities, which makes them eligible for the design of novel ceramic ionic
conductors that are engaged in the fuel cells, sensors, etc. Those materials operated
under harsh conditions, they should be resistant towards physical strain, corrosion,
temperature variations and other sources of exposure.
From the perspective of the material science, physicochemical characteristics
of the object should be taken a close look at in addition to collecting information
about the properties of the substance. Lack of the former impedes the further design
of a novel material, as its exploitation behavior seems impossible to project.
Having outlined the problem, the research oriented towards optimization of
synthetic routines was conducted, so that the novel representatives of this class were
obtained . The correlation between structure of the compounds and their properties
has been revealed. On top of that, the objects were investigated thermodynamically
and spectroscopically. The thermophysical examination has also been implemented.
Obtained results related to the features of structure formation, chemical and
thermal stability, temperature of the phase transition, thermal expansion,
thermodynamic characteristics lay the basis of the design of the novel materials
possessing chosen properties. The data including spectroscopical, physicochemical
and thermodynamic characteristics might be taken advantage of for modelling of
multiple chemical processes with employment of the studied compounds. Hence, the
data will be of every use if included in the relevant databases, supplementary
materials for inorganic chemistry and chemical thermodynamics.
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The preparation of tellurite-molybdate glasses from the melt is accompanied by
partial reduction of Mo+6 atoms into Mo+5 in the batch and in the melt. It decreases
optical transparency of these glasses in visible and near infrared spectral ranges.
The purpose of the study was to evaluate Mo+5 content in glasses produced from
absorption spectra.
Several samples of binary and ternary tellurite-molybdate glasses were prepared,
and their optical spectra in 400 − 2000 nm wavelength range were measured. These
glasses were found to possess significant optical absorption in visible and near
infrared ranges.
The electron paramagnetic resonance method was applied to evaluate the Mo+5
contents in the glasses produced. The Mo+5 concentration was found by comparison
of intensities of corresponding signals from the glass and from the control sample
with the known content of paramagnetic atoms.
This information allowed us to calculate specific absorption coefficient of Mo+5
atoms in the glasses for several wavelength. This value is equal to 0.018 cm−1/ppm at
730 nm, 0.012 cm−1/ppm at 920 nm, and 0.009 cm−1/ppm at 990 nm.
These values were used for estimation the Mo+5 content in tellurite-molybdate
glasses from optical absorption spectra. The most transparent glasses contain a few
parts per million Mo+5 atoms.
The research was carried out with the support of the Ministry of Science and
Higher Education of the Russian Federation, project No. 0729-2020-0039, within the
framework of the basic part of the state assignment.
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The method for preparation of tellurite-molybdate glasses is based on the fusion
of the batch and quenching the melt produced. These syntheses are accompanied by
partial reduction of Mo+6 atoms into Mo+5 in the batch and in the melt. It contributes
to deterioration in transparency of these glasses in visible and near infrared spectral
ranges. This reduction process may be facilitated or may be hindered by substances
presented in condensed phase and gaseous environment.
The purpose of the study was to reveal the impact of some chemical processes
on the extent of Mo+6 reduction for several types of batch including compounds of
tellurium, molybdenum, bismuth, lanthanum, and other elements. The initial
materials of batch were: 1) the precipitates isolated from the solutions of the elements
compounds; 2) the mixtures of inorganic acids and their salts which are capable to
decompose into binary oxides if taken in the individual state; 3) the mixture of
complex oxides of elements.
The first kind of batch contains reducing impurities, namely ammonium and
chloride ions. Ammonium ions are capable to reduce Mo+6 atoms at the temperatures
less 200 °C. The negative influence of ammonium ions may be overcome by keeping
the batch in oxygen atmosphere over 300 °C. Thermal treatment of solid batch was
found to be preferable to the similar one for melt.
The batch of the second type contains oxidizing components which provide
oxidants at each step of melt preparation. These are telluric and nitric acids,
ammonium nitrate, binary and ternary tellurium oxides in condensed phase and
nitrogen dioxide and oxygen in gaseous one. The batch of the third type includes
ternary oxides of Te+6 which are stable up to their melting and decompose in the melt.
These substances are able to oxidize Mo+5 atoms. The excess of oxidant converts into
oxygen which evolves into atmosphere. Thus the nature of chemical processes which
take place in the course of batch preparation from the aqueous solution, of the
thermal treatment of the solid batch, and of batch melting was studied. Oxidative
agents in the batch or in the gaseous phase were found to be able to convert Mo +5
atoms into the highest oxidation state and to obtain tellurite-molybdate glasses with
enhanced optical transparency in the short-wave spectral range.
The study was supported by the Ministry of Science and Higher Education of
the Russian Federation, project No. 0729-2020-0039, within the framework of the
basic part of the state assignment.
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Methoxy (oligoethylene glycol-block-oligopropylene glycol) methacrylates
(figure 1) are promising acrylic macromonomers capable of radical polymerization
with the formation of comb-like polymers. They are potentially capable of forming
micelles in aqueous solutions characterized by high biocompatibility and the ability
to undergo reversible phase transitions. This makes it possible to use polymers of this
type for the production of nanocontainers intended for the delivery of hydrophobic
drugs in the human body.

Figure 1. Structure of methoxy (oligoethylene glycol-block-oligopropylene glycol) methacrylates.

Three homopolymers were synthesized based on macromonomers with the same
number of ethylene glycol fragments (n = 7) and different lengths of the propylene
glycol block (m = 3, 5, and 10). The polymerization was carried out in ethyl acetate at
a temperature of 85 °C in a reactor with a reflux condenser and azobisisobutyronitrile
as a radical polymerization initiator. The synthesis time was six hours. After
synthesis the polymers were precipitated in hexane and then dried under vacuum at
80 °C. It was shown that an increase in the length of the propylene glycol block
decreases the rate of the polymerization, and the conversions achieved were found
from 81.0 to 56.7 % in accordance with an increase in value of m from 3 to 10 units.
All the polymers obtained exhibit temperature responsive properties in aqueous
solutions and become insoluble at high temperatures (that corresponds to behavior
with lower critical solution temperature). At the polymer concentration of 1.0 % wt.
the phase separation temperature (Tph) was equal to 35 °C (m = 10), 46 °C (m = 5),
and 61 °C (m = 3). Thus, the larger the hydrophobic propylene glycol block, the
lower the Tph. At the same time, for all the polymers, the Tph values were found
unchangeable in a wide range of concentrations (2.0–0.1 % wt. for m = 5, m = 10 and
2.0–0.5% wt. for m = 3).The close Tph values to the human body temperature and
their weak dependence on the polymer concentration make polymers of methoxy
(oligoethylene glycol-block-oligopropylene glycol) methacrylates promising
materials for drug delivery.
Study was financially supported by the Russian Science Foundation (project №
20-13-00161).
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Synthesis and Rietveld refinement of a new Dion-Jacobson compound
RbNdNaNb3O10
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Figure 1. Observed and calculated data for the Rietveld refinement of RbNdNaNb3O10 and its
crystal structure

Dion – Jacobson family of layered perovskites, first described by Dion et al. and
Jacobson et al., is drawing much attention recently, mostly because of their abilities
for photocatalytic water splitting under UV and visible light irradiation. General
chemical formula for such compounds can be written as A’[An-1BnO3n+1], where A’ =
(Li+, Na+, K+, Rb+, Cs+, H+, Ag+, NH4+, CuCl+, FeCl+), A = (Ca2+, Sr2+, Ba2+, Bi3+,
Ln3+) and B = (Nb5+, Ta5+, Ti4+, Mn4+). The integer n is determined by the number of
[BO6] octahedra in the layer. The crystal structure of such phases consists of stacking
octahedral perovskite-like layers alternating with A’ (usually alkali) cation in the
interlayer space (Figure 1). Ion – exchange soft chemistry reactions to replace A’ ion
are used to obtain metastable Dion – Jacobson phases that cannot be synthesized
directly. A new compound of the family, n=3 RbNdNaNb3O10 was synthesized using
a conventional solid-state reaction between stoichiometric quantities of RbNO3,
Nd2O3, Na2CO3, and Nb2O5. XRD analysis of the sample was carried out using
Shimadzu XRD-6100 diffractometer in the 2θ range – 10-120 ° with 0.02 ° step and
exposure time of 10 s. Since RbNdNaNb3O10 is a structural analogue to the wellknown n = 3 RbCa2Nb3O10 phase with 2Ca2+→ Nd3+ + Na+ cation substitution,
RbCa2Nb3O10 was used as model phase for the Rietveld refinement. Powder XRD
data (Figure 1) shows that the synthesized sample is a single-phase compound with a
tetragonal structure in the P4/mmm space group. Unit cell parameters are a =
0.387208(6) nm, c = 1.50261(2) nm. R-factor Rwp = 5.41 %. Refinement revealed that
Nd3+ and Na+ ions are taking B-site in the structure with a 0.5:0.5 ratio. It is
noteworthy that the outmost Nb-O bond in the outer [NbO6] octahedron in the layer is
shorter than one in RbLaNaNb3O10 but still larger than one in RbCa2Nb3O10 (0.1863
vs. 0.1891 vs. 0.1650 nm, respectively). This is probably caused by a decrease in
ionic radius from La3+ to Nd3+.
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The main features of reversible addition-fragmentation chain transfer
(co)polymeryzation of 1,1,1,3,3,3-hexafluoroisopropyl acrylate
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Reversible addition-fragmentation chain transfer (RAFT) polymerization is
more available, effective and versatile method among the others controlled radical
processes [1, 2]. Fluorinated polymers, in turn, are interesting due to their advantages
over hydrogenated analogues: thermal and chemical stability, weather resistance, low
surface energies and refractive indices. Long fluoroalkyl chains provide high
hydrophobicity that can be used for creating of superhydrophobic surfaces [3, 4].
RAFT polymerization of 1,1,1,3,3,3-hexafluoroisopropyl acrylate (HFIPA) in
the presence of S,S-dibenzyl trithiocarbonate (BTC) as chain transfer agent (CTA)
has been successfully investigated. The process is characterized by the linear increase
of number-average molar mass with the rise of conversion. Obtained polymers have
low polydispersity index. The analysis of molecular-mass characteristics was
determined by gel-permeation chromatography (GPC). The effect of various solvents
and solvent/monomer (v/v) ratios in initial mixture on the kinetics of the
polymerization has been studied. The polymerization in the presence of symmetric
trithiocarbonates makes it possible to obtain samples with different location of CTA
fragment in the polymeric chain. The way of chain propagation occurs depends on
the synthesis conditions and the structure of the monomer and CTA [5]. The location
of trithiocarbonate groups in polymers has been determined experimentally by
comparison molecular weight before and after heating with an excess of initiator
(AIBN). Besides, the structure of the polymers was analyzed by the MALDI-TOF
MS method.
Block copolymers of HFIPA with tert-butyl acrylate have been synthesized and
the obtained amphiphilic block copolymers have been studied.
Acknowledgment: This work was supported by the Russian Foundation for Basic
Research (Project № 19-03-00843).
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Zinc selenide obtained by the CVD method is used in the manufacture of
optical elements of various spectral devices and IR lenses (such as protective
windows, focusing and diffusing lenses, prisms) that receive thermal signals in a
wide spectral range. However, the main application of CVD-ZnSe is in the
manufacture of optical elements of high-power CO2 lasers. In this case, the surface of
such optical elements must be processed with high precision, have a minimum
roughness and a minimum damaged layer. One of the methods that makes it possible
to obtain similar surfaces on various materials is the method of magneto-rheological
polishing. This method is based on a combination of mechanical and chemical
polishing processes. To combine them, it was necessary to optimize the mechanical
and chemical effects on the optical surface during processing.
The process of mechanical polishing of zinc selenide using a water-glycol
suspension of polycrystalline diamonds as a polishing material is investigated. The
dependences of the rate of material removal in the process of mechanical polishing
and the quality of the resulting surfaces on the grain size and suspension
concentration are experimentally studied. To assess the quality of the treated surfaces,
the method of optical microscopy and the interferometric method were used. The
studies of etching processes of bulk samples of zinc selenide in the temperature range
20-90 ° C, in solutions of etchants of various compositions were carried out. As a
result, kinetic regularity were obtained, on the basis of which assumptions were made
about the mechanisms of interaction of zinc selenide with these solutions. Thus, a
theoretical and practical basis has been prepared for investigating the magnetorheological polishing of the surfaces of optical elements based on CVD-ZnSe.
Namely, the compositions of polishing suspensions and etching solutions are
optimized, and the processing conditions and their influence on the quality of optical
surfaces are considered.
I would like to express my gratitude to the director of Real-Dzerzhinsk LLC,
Valery Borisovich Vorobyov, for the polycrystalline diamond suspensions provided
for research.
This work was supported by the Russian Foundation for Basic Research, Grant
No. 20-53-00040Bel_a.
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Glasses of the Ga - Ge - S system are promising materials for infrared (IR)
fiber optics. They are transparent in the spectral range 0.8–12 µm, have high glass
transition temperature (up to 470 °C), and low toxicity compared to arsenic sulfide
glasses. The significant ability to dissolve rare-earth elements (REE), which increases
with the addition of alkali metal halides, makes these glasses suitable for active IR
optics. Controlled crystallization of glasses based on germanium and gallium sulfides
makes it possible to manufacture glass-ceramic materials with improved mechanical
characteristics. The transparency in the near and middle IR ranges and the stability
against crystallization of the Ga - Ge - S glasses, containing no more than 60 at.%
sulfur, as key parameters for fiber optics, are not studied in detail.
In this work, the physicochemical, optical properties and stability against
crystallization of GaxGey-xS100-y (x=0–8; y = 40–42) glasses are studied. A method for
determining the chemical macrocomposition of glasses with an accuracy of 0.02–0.1
at. % based on inductively coupled plasma atomic emission spectroscopy has been
developed. It has been established that the glass annealing results in the formation of
the phases of germanium monosulfide, germanium disulfide, and gallium
sesquisulfide. Crystallization of glasses with a gallium content of 8 at.% occurs with
the formation of an additional phase of unknown composition. When the glassforming GaxGe40-xS60 (x=0–3) glass melts are air-quenched, GeS2 crystals are formed.
Average diameter and volume concentrations of crystals decreased with increasing
gallium content. The transparency of glasses in the 8–15 µm region rises with an
increase in the gallium content. The glass transition temperature of the samples
increases with a decrease in the gallium content and an increase in the atomic fraction
of sulfur from 369С (Ge40S60) to 309С (Ga8Ge34S58).
Among the studied samples, GaxGe40-xS60 (x = 0–8) and Ga3Ge38S59 glasses
with ∆T = 123–151 °С have the highest stability against crystallization. These glasses
can be used to fabricate optical fibers that are transparent in the near and mid IR
ranges.
This work was supported by the Russian Science Foundation (Russia, Grant no.
18-73-10083).
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Rare-earth (RE)-doped silica fiber lasers and amplifiers are widely utilized in
current fiber optics industry. In fact, the fabrication of RE-doped silica fibers is based
on mature technologies. MCVD method combined with solution doping technique
enabled implementation majority of active fibers as well as various passive fiber
structures. Compared to other lasers, the silica fiber lasers have obvious advantages
of simple structure, high conversion efficiency, good beam quality, low maintenance
cost, good heat dissipation performance, high optical damage threshold, and the laser
cavity is insensitive to external temperature variations and vibration. Fiber lasers
have become the mainstream laser sources in the recent industrial manufacturing
fields such as metal cutting, welding, and marking. They also have a very wide range
of applications in biomedicine, optical sensing, fine processing, spectroscopy,
medical cosmetology, aerospace, military etc.
In fact, the growing importance of data transfer and storage is driving the use of
optical fiber networks nowadays and this has dramatically increased demand in
extending wavebands operation (i.e. new laser sources and amplifiers compatible
with current fiber-optic communication lines are needed). In turn, fiber optics
industry interest in the developing of new photonic materials and improving
parameters of current devices has raised and finally research activity in this sphere
has grown considerably during the last decade. So far, fiber lasers and amplifiers are
mainly focused on Yb, Nd, Er/Yb co-doped, Er, Tm and/or Ho active dopants in
silica. The dopants lasing wavelengths are located at ~ 1 µm, 1.5 µm, and 2 µm,
respectively. However, some wavelength bands in silica remain relatively unexplored
due to the unavailability of efficient RE gain media despite several important
applications. Recently, bismuth (Bi)-doped fibers have shown prominent progress in
developing amplifiers and lasers covering the wavelength band from 1.1 to 1.8 μm in
different glass hosts (i.e., aluminosilicate, phosphosilicate, and germanosilicate). Bidoped fiber amplifiers and lasers have demonstrated extensive progress in the last
few years, reaching gain and efficiency values close to 40 dB and 50%, respectively.
A comparatively low gain per unit length and quenching effects, such as unsaturable
loss (UL) and excited state absorption in these fibers are the main challenge to
develop Bi-doped fiber lasers. Moreover, the nature of Bi active centers (BAC)
luminescence in silica glass is not yet well understood. Indeed, development of a
reproducible technology for doping of silica glass with Bi dopant and the study of its
physic chemical aspects are so important. This is a key factor for future development
of new types of Bi-doped fiber lasers and amplifiers for extended wavebands
operation in silica that drives efforts of scientific society in this direction.
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Glasses based on germanium and gallium tellurides are promising materials for
middle and far infrared (IR) optics. They have high transparency in the spectral range
2–25 µm and high refractive index value. This allows them to be used as materials for
mid-IR lenses and fiber sensors for the analysis of the chemical composition of
substances and control of biological processes. Glasses in the Ge-Ga-Te ternary
system are characterized by low stability against crystallization; therefore, additional
components are introduced into the mixture, which impede crystallization. One of
these components is iodine. Previously it was found that the glasses of Ge15Ga10Te73I2
and Ge10Ga15Te69I6 are the most suitable for drawing optical fiber [1].
The aim of this work was to develop a method for preparation of glasses based
on germanium and gallium tellurides with low oxygen impurity content. The
influence of the preparation method of Ge-Te, Ga-Ge-Te and Ga-Ge-Te-I glasses on
the content of oxide impurities absorbing in the spectral range 8–20 μm is studied. A
novel technique for preparation of a charge for high-purity glasses based on
germanium and gallium tellurides has been developed. The technique includes the
synthesis and loading of germanium monotelluride into the reactor and the
purification of gallium by the method of selective chemical transport reactions using
gallium(III) iodide as a transporting agent. The sample of high-purity Ga10Ge15Te73I2
glass with the intensity of impurity absorption bands in the IR spectrum of no more
than 10-4 cm-1 was prepared. In this sample, the estimated content of the oxygen
impurity chemically bound with germanium does not exceed 20 ppb(wt). To date this
is one of the best results achieved for chalcogenide glasses. An additional advantage
of the developed technique for loading germanium and gallium into a reactor with a
charge is its versatility. The technique can be used to prepare high purity glasses of
various chemical compositions.
References
[1] А.P. Velmuzhov, М.V. Sukhanov, А.D. Plekhovich, N.S. Zernova, М.F.
Churbanov // Journal of Non-Crystalline Solids. – 2019. – Vol. 503-504. – P. 297–
301.
This work was supported by the Russian Foundation for Basic Research (Russia,
Grant No. 18-03-00408).
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Collection and analysis of information on spider toxins for a short encyclopedic
dictionary of biotoxins
Knyazev A.V., Gelashvili D.B., Shipilova A.S., Knyazeva S.S., Vinogradova I.V.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: ivinogradova1601@gmail.com
Given the huge impact of toxin-based deaths globally, and the potential of
venom in generation of drugs for so-far incurable diseases (for example, diabetes,
chronic pain), the continued research and growth of the field is imminent. This has
led to the growth of research in the area and the consequent scholarly output by way
of publications in journals and books. Despite this ever-growing body of literature
within biomedical sciences, there is still no all-inclusive reference work available that
collects all of the important biochemical and biomedical insights relating to
toxinology.
The main task of this work is to find and organize information for a short
encyclopedic dictionary of biotoxins. At this stage, I am collecting and processing
information on toxins from spider venoms (zootoxins).
Spider venom includes very different components having various targets and
modulating numerous physiological processes in certain directions. Thus, these
unique mixtures can be considered as natural pharmacopoeias, and the main practical
interest in them is now due to the possibility of obtaining new pharmacological
preparations. The total number of individual components of spider venom studied
using such methods of proteomics and peptidomics as two-dimensional
electrophoresis, multimeric chromatography, and different types of mass
spectrometry, etc. My work deals with results of investigations of spider venom
composition and the structural and biological properties of their separate components.
Special attention is paid to venom protein and peptide molecules and their chemical
structure and physical and chemical properties. Information was searched through
computer databases and reviews and recent scientific spider venom publications [1],
[2]. The result of my search work is the following information: division into groups
according to the primary structure; synonyms and short names of toxins; the numbers
of toxins in the databases UniProt and PubChem; amino acid sequence of peptides;
post-translational modification of peptides; description of the secondary structure; 3D
model of the spatial structure of toxins; structure of peptide precursors; molecular
weight of peptides; methods used to determine the molecular weight and spatial
structure of peptides, as well as links to relevant scientific publications.
My work is part of a short encyclopedic dictionary that intends to be a nearly
complete guide to biotoxins.
References
[1] UniProt Knowledgebase: https://www.uniprot.org.
[2] Vassilevski A.A. // Biochemistry (Mosc). 2009. V. 74(13). P. 1505-1534.
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Reversible addition fragmentation chain transfer (RAFT) polymerization of
glycidyl methacrylate
Yablochkov K.A., Zaitsev S.D., Grigoreva A.O., Polozov E.Y.
Lobachevsky University, Nizhni Novgorod, Russia
E-mail: apel-96@yandex.ru
Reversible addition-fragmentation chain transfer (RAFT) polymerization is the
most versatile and promising technique of different macromolecules synthesis having
wide possibilities. It allows to control the molecular weight characteristics of
polymers,
as well as to synthesize macromolecules with given architecture. Among
(meth)acrylic monomers glycidyl methacrylate is interesting due to the opportunity of
modification
of obtained (co)polymers.
In this work, features of RAFT polymerization of glycidyl methacrylate
(GMA) were investigated and synthesis of block-copolymers based on GMA and
2,2,3,3-tetra-fluoropropyl methacrylate (TFPMA) was carried out.
Initially, the polymerization of GMA in the presence of 2-cyano-2-propyldodecyltrithiocarbonate (CPDT) as a chain transfer agent was studied. To confirm
the control features of the process the molecular weight (MW) characteristic were
analyzed. It was demonstrated that the rate of polymerization is comparable with the
rate of conventional radical polymerization. End-groups of PGMA were defined by
MALDI-TOF MS/MS. Then, it was shown that the use of polymeric chain transfer
agent based on PGMA ensures better control over the MW characteristics of
polymers.
Such a polymeric RAFT agent was employed to synthesize the block copolymers
PGMA-block-PTFPMA.
References
[1] Barner-Kowollik C. Handbook of RAFT Polymerization. Wiley-Interscience,
2008.
[2] Philip J., Matthew J., Steven P. Polymer Chemistry. 10, 603-611 (2019).
[3] Chong Y., Moad G., Rizzardo E., Thang S. Macromolecules. 40 (13), 4446-4455
(2007).
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Redox-isomeric systems – the path to new materials for electronic devices
Zolotukhin A. A.1, Bubnov M. P.1, Cherkasov V. K.1, Travkin V. V.2,
Pakhomov G. L.2, Lukyanov A.Yu.2
1
G. A. Razuvaev Institute of Organometallic Chemistry of RAS, Nizhny Novgorod,
Russia
2
Institute for Physics of Microstructures RAS, Nizhny Novgorod, Russia
E-mail: aaz@iomc.ras.ru
Earlier we have shown that the electric conductivity of crystals and
polycrystalline films of redox-isomeric dioxolene cobalt complexes has nonlinear
temperature dependence [1]. The drop of conductivity achieves 10% per degree of
centigrade. This result makes such compounds to be perspective for creating of
materials for uncooled bolometers.
One of the problems consists in low magnitude of conductivity. This problem
was solved by selection and examination of different procedures of synthesis and/or
crystallization of redox-isomeric compounds. So, application of the mixture of nhexane/CH2Cl2 as a solvent allowed to improve conductivity of crystals about four
orders.
The origin of conductivity of molecular crystals is proposed to be in variable
composition of the solid. So, one redox form of complex play a role of impurity in
the lattice of the other redox form – semiconductor [1]. In order to improve the
magnitude of conductivity the solid solutions of redox-isomeric and redox-inert
compounds having the same composition but differing by the metal atom were
obtained. Their crystals were examined for conductivity. The best result was
observed for crystals of (2,2'-bpy)Co0.866In0.134(3,6-DBSQ)2. Moreover some
interesting observations were made. Co-crystalization of redox-isomeric cobalt
complexes with redox-inert compounds of nickel and zinс having the same
composition shifts the equilibrium of redox-isomerization towards high-spin form.
Whereas upon co-crystallization with manganese compound the transition
temperature remains the same. We propose that the reason is electronic structure of
inert component and as a consequence the volume which is occupied by its molecule.
Bis-semiquinonato complexes of nickel and zinс are high-spin whereas manganese
complex is bis-catecholato compound.
Acknowledgement. The authors are thankful to RFBR (project № 18-43520030 р_а) for financial support.
References
[1] А.Yu. Lukyanov, M.P. Bubnov, N.A. Skorodumova, V.V. Travkin, G.L.
Pakhomov, S.A. Korolyov, P.A. Yunin, V.K. Cherkasov // Solid State Sciences.
2015. V. 48. P. 13-18.
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Изучение зависимости гидролитической устойчивости керамики от
относительной плотности
Балкарова Ж.Б.1, Ланцев Е.А.1, Попов А.А.1, Потанина Е.А.1, Болдин М.С.1, Отопкова П.А.2
1
Нижегородский государственный университет им. Н.И. Лобачевского,
Нижний Новгород, Россия
2
Институт химии высокочистых веществ им. Г.Г. Девятых РАН, Нижний
Новгород, Россия
E-mail: balkarowa.zhanna@yandex.ru
Ортофосфаты ромбоэдрического строения (тип NaZr2(PO4)3, NZP) благодаря
способности включать в свой состав изотопы, представленные в ядерных отходах и
являющиеся альфа излучателями, рассматриваются как матрицы для иммобилизации
этих изотопов. Целью данной работы являлось изучение зависимости
гидролитической устойчивости при повышенной температуре керамических
материалов от их относительной плотности. Объектом исследования был фосфат
Nd0.33Zr2(PO4)3 (структура NZP). Nd выбрали в качестве имитатора 241Am. Порошковый
образец синтезировали золь-гель методом. Керамические образцы с заданными
относительными плотностями 69.9% (№3), 84% (№2), 96.3% (№1). получили методом
высокоскоростного электроимпульсного плазменного спекания. Нагрев проводили в
вакууме (6 Па) при приложении одноосного напряжения 75 МПа. Изотермическая
выдержка отсутствовала (t=0). Фазовую принадлежность порошков и керамик
определили методом рентгенофазового анализа с помощью рентгеновского
дифрактометра Shimadzu LabX XRD-6000. Химическую устойчивость исследовали
методом длительного выщелачивания (21 сут) в статических условиях при
температуре 90 °С в соответствии с ГОСТ Р 52126-2003. Концентрации ионов неодима
выщелоченных из керамик определили методом масс-спектрометрии с индуктивно
связанной плазмой на масс-спектрометре высокого разрешения ELEMENT 2, (Thermo
Scientific, Germany) по внешней градуировке. Согласно данным РФА образование
целевой фазы Nd0.33Zr2(PO4)3, пр.гр. R¯3c происходило после Т = 900 °С. Температура
начала спекания порошка Nd0.33Zr2(PO4)3 составляла 830-850 °С. Температуры
окончания процессов спекания составили 1100, 1050 и 1000 °С для образцов № 1, 2 и
3, соответственно. Образцы керамики показали себя устойчивыми в гидролитических
условиях независимо от их относительной плотности, при этом всё же имело место
увеличение значения скорости выщелачивания при уменьшении плотности. Скорости
выщелачивания имели значения ~ 0.018·10-6 - 1.570·10-6 (г/(сут·см2)). Так как даже для
керамики с наименьшей плотностью скорость выщелачивания Nd из матрицы
оставалась малой и достаточной, то сделали предположение, что при консолидации
альфа-излучателей в керамики, последние стоит спекать до состояния «с открытой
пористостью» вместо общепринятого «высокоплотный» (>92%). Такая структура
керамики позволила бы свободно выходить образующемуся гелию из матрицы, не
приводя к серьёзным её повреждениям.
Работа выполнена при финансовой поддержке Российского научного фонда
(проект № 16-13-10464).
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Кристаллизационная устойчивость стекол системы GaxGe100-x-ySey как
потенциальных стеклокерамических материалов для ИК оптики
Р.Д. Благин, М.В. Суханов, А.П. Вельмужов, Б.С. Степанов, А.Д. Плехович,
Д.А. Фадеева, Л.А. Кеткова
ИХВВ РАН, Нижний Новгород, Россия
E-mail: velmuzhov.ichps@mail.ru
Среди большого числа стеклообразующих систем на основе селенидов
германия в последнее время особый интерес вызывают стекла Ga – Ge – Se. В
стекле состава Ga5Ge36Se59, легированном тербием, впервые в мире среди
халькогенидных стекол была получена лазерная осцилляция в среднем ИК
диапазоне [1]. Это раскрывает широкие возможности халькогенидных стекол
для лазерных применений. Перспективным направлением практического
использования стекол системы Ga – Ge – Se является изготовление на их основе
стеклокерамических материалов. Такие материалы обладают улучшенными
механическими
и
термическими
свойствами
по
сравнению
с
соответствующими стеклами. Это позволяет использовать их в качестве
оптических окон и линз в условиях повышенных механических и
температурных нагрузок.
Целью настоящей работы было исследование кристаллизации стекол
системы GaxGe100-x-ySey (x=0–30; y = 60–75) как потенциальных материалов для
изготовления стеклокерамики, прозрачной в среднем ИК диапазоне. Проведено
комплексное
исследование
кристаллизации
стекол
методами
дифференциально-сканирующей калориметрии, рентгенофазового анализа,
оптической микроскопии и сканирующей электронной микроскопии в
сочетании с рентгеноспектральным микроанализом. Температура стеклования и
кристаллизационная устойчивость уменьшаются при увеличении содержания
галлия в стеклах. При кристаллизации стекол формируются фазы переменного
состава, изоструктурные полиморфным модификациям Ga2Se3, В образцах с
содержанием галлия не более 10 ат.% присутствуют фазы моно- и диселенида
германия. Отличительной особенностью кристаллизации стекол системы
GaxGe100-x-ySey является формирование локализованных областей размером 10–
60 мкм с повышенным содержанием кристаллической фазы – глобул.
Формирование
глобул
на
стадии
закалки
расплава
определяет
микроскопическую структуру стекол. В качестве оптимальных среди
исследованных составов для изготовления стеклокерамических ИК материалов
рекомендованы стекла с содержанием селена 60 ат.% и галлия до 15 ат.%.
[1] M. F. Churbanov, B. I. Denker, B. I. Galagan, V. V. Koltashev, V. G.
Plotnichenko, M. V. Sukhanov, S. E. Sverchkov, A. P. Velmuzhov, First
demonstration of ~ 5 µm laser action in terbium-doped selenide glass.
Исследование выполнено при финансовой поддержке РФФИ в рамках
научного проекта № 20-33-70118.

76

Materials science of the future: research, development, scientific training

Синтез и исследование анодных материалов ТОТЭ на основе соединений
со структурой двойного перовскита A2BMoO6(A=Sr,Ba; B=Ni,Mg)
Klementyeva N. E., Kirillova N.I., Suleimanov E.V.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: nadin_klem@mail.ru
Соединения со структурой двойного перовскита A2BMoO6(A=Sr,Ba;
B=Ni,Mg) перспективны в качестве анодного функционального слоя
твердооксидных топливных элементов, так как удовлетворяют основным
требованиям. Кроме того они обладают каталитической активностью к
окислению углеводородов. Соединения A2BMoO6(A=Sr,Ba; B=Ni,Mg)
синтезировали твердофазным методом при температуре 1250°С для Ba2NiMoO6,
Ba2MgMoO6, Sr2NiMoO6 и 1450°С - Sr2MgMoO6.Исследование фазового состава
образцов проводили методом рентгенофазового анализа. На основании
полученных рентгенограмм, установлено, что выбранные условия синтеза
позволяют получить однофазные материалы. Согласно результатам EDXспектроскопии (JEOL JSM-IT300LV с энерго- и волнодисперсионным
элементным анализаторами) формулы соединений представляются в виде
Ba2,04±0,011Ni1,03±0,005Mo1,00±0,005O6,09±0,005,
Ba1,98±0,009Mg1,02±0,005Mo1,00±0,005O5,97±0,029,
Sr1,98±0,009Ni1,00±0,005Mo0,99±0,005O6,00±0,005,
Sr2,02±0,010Mg1,00±0,005Mo1,01±0,005O6,04±0,005.
Порошки состава A2BMoO6 (A=Ba, Sr; B=Ni,Mg) были смешаны с
классическими материалами электролита диоксидом циркония и оксидом
церия, допированных оксидом иттрия (YSZ и CeY), в массовом соотношении
1:1 и спрессованы в таблетки. Полученные механические смеси порошков были
подвергнуты отжигу при температуре 900°С в течение 168 часов.
Проанализировав рентгенограммы смесей, было установлено, что применение
соединений Sr2BMoO6 (B=Ni,Mg) и Ba2NiMoO6 в качестве анода с электролитом
YSZ без дополнительного защитного слоя невозможно из-за образования
промежуточных фаз. Соединение Ba2MgMoO6 не образует побочных продуктов
при взаимодействии с YSZ. Соединения A2BMoO6 (A=Ba, Sr; B=Ni, Mg)
индифферентны к CeY в исследуемом интервале температур. Таким образом,
CeY может быть использован в качестве электролита ТОТЭ или защитного
слоя.
Список литературы
[1] D.Marrero-López,J.Peña-Martínez, J.C.Ruiz-Morales, D.Pérez-Colla, M.A.
Aranda, “Synthesis, phase stability and electrical conductivity of Sr2MgMoO6−δ
anode”, J. Materials Research Bulletin, vol.43, N8, pp.2441-2450 (2008).
Работа выполнена с использованием оборудования ЦКП “Новые
материалы и ресурсосберегающие технологии” (ННГУ им.Н.И. Лобачевского).
Работа выполнена при финансовой поддержке Министерства науки и
высшего образования РФ (договор № 0729-2020-0053).
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Квантово-химическое исследование протолитических свойств
цистеина и его производных
Курманова А.Ф., Кутжанова К.Ж., Пустолайкина И.А., Моргун В.В.
Карагандинский университет, Караганда, Казахстан
E-mail: alfiya_kurmanova@mail.ru
Данные о пространственном и электронном строении химических
соединений можно получить либо физико-химическими, либо расчетными
квантово-химическими методами. Квантово-химические свойства молекул
могут быть использованы для прогноза молекулярного механизма
фармакологического действия лекарственных препаратов. Целью проведенных
исследований являлось получение данных о электронных свойствах,
пространственной
структуре
и
кислотно-основных
характеристик
серосодержащие аминокислот цистина и цистеина. Для наиболее оптимального
выбора метода квантово-химического исследования, изучаемые объекты были
рассчитаны при полной геометрической оптимизации современными
неэмпирическим методом 3-21G в приближении теории функционала
плотности DFT B3LYP программного комплекса Gaussian.
В ходе проведенных неэмпирических исследований осуществлен анализ
геометрических, зарядовых и энергетические характеристик таутомерных форм
рассматриваемых аминокислот. Определены величины дипольного момента,
позволяющие подтвердить угловое строение молекул, и, соответственно,
исключить вероятность центро-симметричной структуры. Проведен анализ
пиктограмм ВЗМО и НСМО молекул цистеина и цистина, показывающий
особенности распределения электронной плотности в молекулах, а также
энергетические характеристики высшей занятой и нижней вакантной
молекулярных орбиталей. Выполнено моделирование процессов диссоциации
водородных атомов функциональных групп методом жесткого сканирования
поверхности потенциальной энергии. С использованием квантово-химической
технологии IRC осуществлено моделирование внутримолекулярной миграции
атома водорода карбоксильной группы и определены активационные
характеристики данного процесса. Данные, полученные неэмпирическими
квантово-химическими методами, позволят прогнозировать электронное
строение и реакционную способность ряда аналогичных аминокислот.
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Механические свойства икосаэдрической и декагональной
квазикристаллических фаз в литых сплавах системы Al-Cu-Fe-Cr
1

Чугунов Д.Б., Баландина А.В., Осипов А.К.
Национальный исследовательский Мордовский государственный университет
им. Н.П. Огарева, Саранск, Россия
E-mail: iman081@gmail.com

Квазикристаллические
(КК)
материалы
привлекают
внимание
исследователей из-за их свойств, представляющих огромный технологический
интерес. Среди них можно выделить ряд алюминиевых сплавов, нашедших
практическое применение. Высокая хрупкость и низкая пластичность –
основные недостатки квазикристаллов при использовании их в качестве
конструкционных материалов. Но благодаря своей хрупкости они легко
превращаются в порошок и используются в качестве наполнителей в
композиционных материалах, а также в качестве коррозионностойких и
антифрикционных покрытий. Среди кристаллических фаз, которые
претерпевают взаимные превращения с КК, есть группа фаз с атомной
структурой, близкой к локальной атомной структуре КК. К ним относят
структурно приближенные аппроксимантные кристаллические фазы. При
некоторых условиях квазикристаллы могут обратимо переходить в двойные и
тройные аппроксимантные фазы, которые образуют дифракционные картины
электронов, аналогичные КК.
Исследование превращений в литых сплавах системы Al-Cu-Fe-Cr
обусловлено необходимостью выявления взаимосвязи между полученной
микроструктурой квазикристаллических материалов и их физико-химическими
свойствами. Отличительной особенностью квазикристаллов является их
повышенная твердость по сравнению с кристаллическими фазами.
Целью работы является установление механического поведения
икосаэдрической и декагональной квазикристаллических фаз в литых сплавах
четверной системы Al-Cu-Fe-Cr методом индентирования.
Микротвердость образцов Al65Cu25Fe5Cr5 и Al70Cu20Fe5Cr5 измерялась на
шлифах приготовленных специальным образом. Полученные результаты
показали, что микротвердость кристаллических фаз (тетрагональной θ-Al2Cu и
β-Al(CuFe) твердого раствора) значительно ниже, порядка 390-410 Hv (МПа)
для Al2Cu и 460-480 Hv (МПа) для β-Al(CuFe), чем квазикристаллических i и d
фаз (рисунок 1). Так, для икосаэдрической фазы составом Al65Cu22Fe7Cr6,
определенным
энергодисперсионным
микроанализом,
микротвердость
составила 660-680 Hv (МПа), а для декагональной фазы, составом Al71Cu14Fe7Cr8
микротвердость равна 520-540 Hv (МПа).
Показано, что при измерении микротвердости возможно отличить
кристаллические
аппроксимантные
фазы,
от
квазикристаллических
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находящихся в одном многофазном образце, при наличии фаз достаточно
крупного размера для нанесения отпечатка микроиндентора.

а
б
Рисунок 1. Микрофотографии литых образцов состава: а - Al65Cu25Fe5Cr5,
б - Al70Cu20Fe5Cr5

Исследование свойств веществ для фармацевтической промышленности
Шипилова А.С., Князев А.В., Князева С.С., Гусарова Е.В., Амосов А.А.,
Кусуткина А.М., Панова А.А., Логачёва А.С., Голенкова О.А.
Нижегородский государственный университет им. Н.И. Лобачевского,
Нижний Новгород, Россия
При
разработке
терапевтических
средств
фармацевтическая
промышленность сталкивается с рядом проблем, таких как отсутствие
информации по физико-химическим свойствам лекарственных субстанций, их
низкой растворимости, наличием полиморфизма и другое. Чтобы улучшить
клиническую эффективность существующих лекарств, а также разработать
новые, необходимо изучать кинетические основы взаимодействия ЛС с
другими структурными единицами организма, а также структурные,
термодинамические и термические свойства всех участников процессов
превращения. Основным критерием при изучении процесса взаимодействия
является изменение функции Гиббса, расчет которой является одной из
основных целей работы. Однако, оценка энтальпийной и энтропийной
составляющей также необходима в проектах по разработке лекарственных
средств.
При создании новых лекарств важно оптимизировать и контролировать
количество активного лекарства, которое доставляется в организм.
Соответствующее качество достигается за счет строгого контроля способа
производства лекарства, соответствия его установленным характеристикам и
химического состава твердого тела молекулы лекарства. Это делается для того,
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чтобы
обеспечить
воспроизводимую
доставку
препарата.
Однако
фармацевтическая промышленность часто сталкивается с тем, что
растворимость ФС недостаточна, а значит снижается биодоступность
лекарства. Одним из путей решения этой проблемы является изменение
химического состава молекул лекарственных средств в твердом состоянии с
помощью сокристаллизации или солеобразования.
Полиморфизм – широко распространённое среди фармацевтических
ингредиентов явление. Модификации одного и того же соединения проявляют
различные свойства такие как плотность, растворимость, биологическая
активность и прочее. В связи с этим, очень важно, чтобы образец,
используемый в качестве лекарственного препарата или его ингредиента, имел
конкретную полиморфную форму и был стабилен в течение всего срока его
годности. Понимание процессов фазового перехода является актуальной
проблемой фармацевтической промышленности.
Все вышеперечисленное является областью наших исследований и на
данный момент получен существенный объем данных о термодинамических,
структурных, термических и других физико-химических свойствах некоторых
полисахаридов и белков (инулин и гевеин), азотистых оснований (пурин,
теофиллин, теобромин и др), аминокислот (лейцин, аспарагиновая кислота,
глутаминовая кислота и др.), фармацевтических субстанций (фебуксостат,
эзетимиб и др.) использующихся для приготовления лекарств.
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THE TRAINING OF HIGHLY QUALIFIED PERSONNEL
English language teaching at the unn chemistry faculty: the project
method, electronic resources and tools
Kulikova E.V.
Lobachevsky University, Nizhnij Novgorod, Russia
E-mail: e.kulikova@bk.ru
The paper emphasizes the need for ELT to use methods that meet up-to-date
requirements and have positive implications for students and the teacher. The
educational process at the UNN Chemistry Faculty has been reorganized with the
implementation of Vocabulary eBooks, the project-based method, ICT, educational
Internet resources, taking into account the needs and the psychological and behavioral
characteristics of the digital generation. At the beginning of the English language course
students create Vocabulary eBooks with the help of Google Sheets program and share
the link with the teacher. It enables the teacher to monitor the stages of each student’s
work on their own words on individual pages within a common document at any time
and place. Students are given considerable individual autonomy when choosing words
and designing Vocabulary eBooks. For the purpose of finding such words, students are
advised to read scientific literature and use educational Internet resources in English.
Students are required to present an in-depth analysis of a word and its usage: to give
definitions, examples, collocations, synonyms, antonyms, pictures, etc. Thus,
Vocabulary eBook as a tool helps students think about what words they learn, apply it in
real situations or toward further learning, and continue to learn independently. The
implementation of the project-based method in teaching English encourages students to
ask questions and look for answers, to apply what they have learned through different
disciplines to solve hands-on tasks, debate ideas constructively [1]. To create group
research projects in English the students are united into small teams that define their
projects topics themselves with respect to their major. The project duration is several
weeks. Students give their English teacher a quick progress report after each work phase:
what they have done and learned, any problems and questions that have arisen. The
teacher’s role as a facilitator is to support and guide the work. The end result of the
group work is a presentation and a discussion. ICT and educational Internet resources
have been integrated into English teaching as a means of reducing the level of language
anxiety, increasing students’ motivation and removing a number of problems in distance
learning [2]. The use of all mentioned above contributes to the effective mastering of
both hard skills and soft skills and leads to learning process optimization.
References
[1] Kulikova E.V. // Vestnik of Lobachevsky State University of Nizhni Novgorod.
2019. V. 1(53). P. 116-124 (in Russian).
[2] Kulikova E.V. // Variability and standardization of language education in a nonlanguage university. 2020. P. 137-141(in Russian).
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SECTION 2. PHISICS OF MATERIALS
Sintering kinetics of Si3N4 with yttrium-aluminum garnet nanocomposites
Andreev P.V.1, Alexeeva L.S.2, Balabanov S.S.1, Rostokina E. Ye.1,Popov A.A.2,
Boldin M.S.2
1
Institute of Chemistry of High-Purity Substances RAS, Nizhny Novgorod
2
N.I. Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod
E-Mail: andreev@phys.unn.ru
The most promising method for producing fine-grained ceramics with high physical
and mechanical properties is spark plasma sintering (SPS) of powders. Refractory
ceramics based on Si3N4 have a wide range of applications, but sintering of pure Si3N4
powders is impossible without additives (e.g. Al2O3 and Y2O3) due to the covalent nature
of chemical bonding. Using of a new methods of oxide deposition on Si3N4 particles
allows to achieve a high uniformity of additives distribution which has a positive effect on
the properties of composites. Si4N3 nanopowder (particle size no more than 15 μm) was
used as the original material and Y(NO3)3 with Al(NO3)3 as a precursors. Composition
calculation of the original reagents was performed taking into account that Y2O3 – Al2O3
content was at a molar ratio of 3:5 (yttrium-aluminum garnet stoichiometry) and the mass
content of the sintering additive in the mixture was 10%. Synthesis of the original
mixtures was produced by the co-precipitation method (series 1), Pechini method (series
2) and the spray drying method (series 3). The intermediate products obtained from the
syntheses were annealed in stages for 2-8 hours at 300, 500, 800, 1000℃ with dispersing
in agate mortar between stages. The resulting mixtures were studied by X-ray phase
analysis at each of the annealing stages, as well as differential scanning calorimetry (DSC)
of powders. The microstructure of powders was studied by using a scanning electron
microscopy method. The compaction of ceramic samples was carried out using the SPS
method at 70 MPa with a heating rate of 100℃/min. Both intermediate reaction products
after the annealing at 300℃ for 2 hours and products of full annealing cycle were used as
original mixtures for sintering. The sintering kinetics of the intermediates (after annealing
at 300℃) varies for different deposition methods. Series 1 powders are characterized by
smooth shrinkage in the temperature range of 900-1580℃. Series 2 powders shrink in the
range of 900-1480℃ with a sharp shrinkage peak at 1160℃ probably due to the phase
transformation in the powder. Series 3 powders shrink at the range of 1100℃ to 1750℃
with a shrinkage peak due to the phase transformations in the powders at 1360℃. The
shrinkage plots for full cycle annealing products have a S-shape appearance characteristic.
The shrinkage studied interval for all parts is from 900 to 1200℃. The powder preparation
method only affects the total shrinkage value, which decreases from series 1 powders to
series 3. The decreasing in shrinkage value indicates that the particles in series 3 are
packed more tightly before sintering.
The reported study was funded by RFBR, project number №19-33-60084.
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Theory of nonequilibrium grain boundaries and its applications to describe
ultrafine-grained metals and alloys produced by ECAP
Chuvil’deev V.N.1, Kopylov V.I.1,2
Lobachevsky University, Nizhny Novgorod, Russia
2
Physical and Technical Institute, NAS of Belarus, Minsk, Belarus
E-mail: chuvildeev@nifti.unn.ru
The research presents key approaches to describing the features of evolution of
structure and mechanical properties of ultrafine-grained (UFG) metals and alloys
obtained through Equal Channel Angular Pressing (ECAP).
It was shown that the specificity of UFG materials from the defect theory
perspective lies in the fact that most processes controlling their behavior and
properties develop not in the crystal lattice (grains) like in conventional materials but
rather in grain boundaries (GB). The main type of defects in UFG materials defining
the nature of these processes are neither dislocations nor vacancies (as in
conventional materials) but grain boundaries. The key features of GB processes are
determined by the interaction of grain boundaries with dislocations and point defects
getting in there from the crystal lattice.
To describe structural features and properties of UFG materials, a theory of
nonequilibrium grain boundaries in metals and alloys was proposed.
It was shown that the structure of GBs could be described using the so-called
'island model'. The key parameter that characterizes the structural condition of GBs is
free volume. It was shown that anomalies in diffusion parameters and thermodynamic
characteristics of nonequilibrium grain boundaries arise from the increase in their free
volume driven by lattice dislocations that get into the grain boundaries. Expressions
were obtained that describe changes in the energy of grain boundaries and their
diffusion parameters during their interaction with individual dislocations and lattice
dislocation flows. The dependence is determined between the grain boundary
diffusion ratio and deformation rate, as well as the material structure parameters.
Based on the theory of nonequilibrium grain boundaries, processes controlled by
diffusion in nonequilibrium grain boundaries were reviewed. Descriptions were
provided as to the features of GB diffusion, GB sliding, recovery and recrystallization
processes, superplasticity, features characterizing the evolution of mechanical
properties in materials with nonequilibrium grain boundaries such as UFG metals and
alloys obtained through ECAP.
It was shown that the structural condition of GBs is one of the key factors
affecting the mechanical properties of UFG metals: during ECAP, UFG materials
form grain boundaries that contain enhanced density of defects which create longrange inner stress fields. This leads to anomalies in mechanical properties and
performance characteristics of UFG materials.
The work was supported by Ministry of Science and Higher Education (grant
No. 075-03-2020-191/5).
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Compaction by spark plasma sintering of Si3N4 – Y2O3 – Al2O3 powder
compositions obtained by different
synthesis methods
Drozhilkin P.D.1, Andreev P.V.2, Alexeeva L.S.2, Balabanov S.S.2,
Boldin M.S.1, Rostokina E. Ye.2, Karazanov K.O.1
1
N.I. Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod
2
Institute of Chemistry of High-Purity Substances RAS, Nizhny Novgorod
E-Mail: pddzrohilkin@yandex.ru
One of the most promising methods of manufacturing the refractory
composites based on Si3N4 is precoating of ultrafine sintering additive layers on Si3N4
powders of various dispersity and their subsequent compacting by spark plasma
sintering (SPS) method. The development of plating technology with ultrafine (nanothickness in the limit) layers of oxides requires optimization of deposition modes and
solving the problem of deagglomeration of Si3N4.
The solution to that problem may be reached by using precipitation methods
based on the technological operation of deposition from Y(NO3)3 and Al(NO3)3 to the
layers of Y2O3 – Al2O3 oxides system on the surface of Si3N4 particles, which are
suspended at room temperature in a nitrate solution.
Powder of α-Si3N4 (particle size no more than 5 μm, β-phase content no more
than 5% wt.) with Y(NO3)3 and Al(NO3)3 as the precursors was used as original
compound. Composition calculation of original reagents was carried out taking into
account that Y2O3 – Al2O3 content was at a molar ratio of 3:5 (yttrium-aluminum
garnet stoichiometry) and the content of the sintering additive in the mixture was
10% wt.
Synthesis of the original mixtures was carried out by the method of coprecipitation in water solution, the Pechini method (with the addition of citric acid),
the gelatin matrix and the spray drying method. For the oxide and garnet phases
formation the intermediate products obtained from the syntheses were annealed in
stages for 2-8 hours at 300, 500, 800, 1000℃ with dispersing in the agate mortar
between stages. Phase transformations in mixtures were studied by X-ray phase
analysis method and by differential scanning calorimetry at each annealing stage.
Microstructure of powders was studied by scanning electron microscopy method.
The compaction of ceramics was carried out by SPS method at 70 MPa with a
heating rate of 100℃/min. Both products after full annealing cycle (to 1000℃) and
reaction products after annealing at 300℃ for 2 hours were used as original mixtures
for sintering.
The reported study was funded by RFBR, project number №19-33-60084.
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Reactions of iodide-nitrides [(LnI2)3N] (Ln =Nd, Dy) with chalcogenes
Fagin A. A., Novikova O.V., Rumyantcev R. V., Fukin G. K., Bochkarev M. N.
G. A. Razuvaev Institute of Organometallic Chemistry of Russian Academy of
Sciences, Nizhny Novgorod, Russia
Recently it was found that iodide-nitride [(DyI)3N2] like [(NdI)3N2] react with
triiodides ScI3, TbI3, NdI3 in the presence of sulfur in tetrahydrofuran at 60C [2] and
give products of the composition [Dy2LnI5(S2)(S2N2)(THF)x] (Ln = Sc, Tb, Nd):
[(Dy I2)3N] + LnI3 + S8 + THF  [Dy 2LnI5(S2)(S2N2)(THF)9] +
[Dy3I5(S2)(S2N2)(THF)10] + N2, (Ln = Sc, Tb, Nd).
The complexes are yellow-brown substances sensitive to moisture and oxygen in the
air. The formation of these products is confirmed by data of element analysis, IR
spectroscopy and magnetic measurements. The cluster [Dy2TbI5(S2)(S2N2)(THF)9]
upon excitation by UV light revealed photoluminescence characteristic of Dy3 + ions
(475 and 580 nm) and Tb3 + ions (539 and 543 nm).
In the study of the properties of iodide nitrides (Dy, Nd) and in the hope of
obtaining new three-nuclear clusters (similar to Nd3I5(S2)(S2N2)(THF)10 and Dy3I5
(S2)(S2N2)(THF)10)[1], reactions were carried out with O2, Se and Te. The reaction of
iodide nitrides with O2 and Se proceeds with the formation of the corresponding LnI 3,
while the reaction with Te does not proceed even under hard conditions (12 h at
60°C, ultrasonic bath). In the reaction of iodide nitrides [(LnI)3N2] (Ln = Dy, Nd)
with Se the products were isolated as small red-brown crystals unsuitable for X-ray
structural analysis. According to elemental analysis, IR spectroscopy, and
luminescence spectra, the structure of the dysprosium complex with selenium
[Dy3I5(Se2)(Se2N2)(THF)X] coincides with
that of sulfur
complexes
[Ln3I5(S2)(S2N2)(THF)X] (Ln = Dy, Nd).
In attempt to obtain lanthanide trinuclear clusters with organic ligands reverse
disproportionation reaction of [(LnI)3N2] with ErCp3 was acrried out. In the reactions
of [(NdI)3N2(THF)x] and [(DyI)3N2(THF)x] with ErCp3 at room temperature dark
brown solutions are formed. Upon cooling of the solutions the crystals of
NdI2Cp(THF)3 and DyI2Cp(THF)3 respectively were isolated in high yield. In
addition the reactions gave dark brown waxy solids of unknown structure. The
complexes LnI2Cp(THF)3 were characterized structurally.
References
[1] A.A. Fagin, G.K. Fukin, A.V. Cherkasov, A.F. Shestakov, A.P. Pushkarev, T.V.
Balashova, A.A. Maleev and M.N. Bochkarev, Dalt. Trans., 2016, 45, 4558-4563.
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Electron structure of solid solutions Rb0.95NbxMo2-xO6.475-0.5x (x=1.31–1.625) with
β-pyrochlore structure
Fukina D.G., Fomina L.D., Titaev D.N., Suleimanov E.V.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: dianafuk@yandex.ru
Previously we have synthesized solid solutions Rb0.95NbxMo2-xO6.475-0.5x
(x=1.31–1.625) and found out that they possess non-typical orthorhombic βpyrochlore structure [1]. The observed electron structure for composition related βpyrochlores CsNbMoO6, CsTaMoO6 and Rb0.95Nb1.375Mo0.625O5.79, which was
determined both experimentally and theoretically, shows that the compounds have
ability to photocatalytic decomposition of organic impurities and water splitting. This
study is devoted to investigation of electron band edges dependence on composition
of Rb0.95NbxMo2-xO6.475-0.5x (x=1.31–1.625). The band gap Eg was defined using the
Kubelka-Munk function (F(R∞)•hν)2 by the diffuse reflectance spectra. The increasing
content of Nb atoms slightly effects on the band gap, which causes a small shift of the
absorption edge to the short-wavelength region. The band edge positions were
calculated using empirical approximation for complex oxides [2]. The electron levels
of the obtained compounds in water environment are shown in Figure 1.
Rb0.95Nb1.375Mo0.625O5.725 has noticeable upward shift of electron bands respect to
others, and they are closer to potentials of water decomposition. So it is the most
promising composition for further photocatalytic tests.

Figure 1. Schematic electron energy diagram for Rb0.95NbxMo2-xO6.475-0.5x (x=1.3125, 1.375, 1.5, 1.6625).

This work was supported by the Ministry of Education and Science of the
Russian Federation (0729-2020-0053) on the equipment of the Collective Usage
Center “New Materials and Resource-saving Technologies” (Lobachevsky State
University of Nizhnii Novgorod).
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Influence of the nanopowder composition on the properties of hard alloys
obtained by SPS
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Development and research of the properties of hard alloys based on tungsten
carbide with a nanoscale structure have been actively pursued over the past 20 years
[1]. There are still many unresolved issues and problems associated with the study of
WC-Co system. In this work, the influence of oxygen on sintering nanopowders of
the W-C-Co system obtained by plasma-chemical method [2] is studied. The object
of research is WC-Co nanopowders with different total carbon content exceeding the
stoichiometric value (5.88%, 5.99%, 6.36% and 6.66%). The powders also contain a
certain amount of oxygen (0.6-0.8% of the mass). According to fractional gas
analysis data, after chemical precipitation or mechanical mixing with cobalt, the
oxygen content in the powder increases. The adsorbed oxygen is present in small
quantities. Also there are two forms of oxygen – bound in tungsten and cobalt oxides.
Storing the powder in air leads to an increase in the oxygen content from 0.6-0.8% to
~ 1.5% for several days. Tungsten carbide powder also reacts with oxygen in air. So
in the powder with an initial oxygen content of 0.32%, carbon 6.35%, after 1.5 years
of storage, the oxygen content increased to 2.5%, and carbon was 5.8%. X-ray phase
analysis showed the presence, in addition to α-WC, of carbide W2C and a small
amount of the oxide phase WO3. Solid-phase sintering using the SPS technology at
temperatures of 1050, 1100, 1150 °C is carried out. SPS is performed using a
sintering machine “Dr. Sinter model SPS-625” at pressure 75 MPa. Samples with
additional hold at a temperature of 1150 °C for 10 and 80 minutes is also obtained.
This type of sintering made it possible to obtain the best results. For compact
materials obtained by the SPS the appearance of the η phase is not observed
according to XRD data. In the case of holding for 10 and 80 min, the η phase is also
absent but a significant growth of tungsten carbide grains is observed.The presence of
oxygen in the powders leads to a loss of carbon during heating and sintering, which,
in turn, leads to the formation of Co xWyC double carbides, which negatively affect
the mechanical properties of hard alloys. Therefore, the content of oxygen and carbon
in hard alloy powders requires control and maintenance of the required ratio. You
should also follow the storage conditions. Summarizing the data, we can conclude
that free carbon interacting with oxygen in the powder leads to a decrease in the
formation of η-phases up to their complete disappearance.
Acknowledgements: The research is carried out with the support of the
Russian Foundation for Basic Research Grant project 19-03-00925.
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Beta-battery models based on organo-zinc and organo-lanthanide complexes
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1
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Recently, devices capable of converting ionizing radiation into current (betabattery) have become widespread. Unlike conventional lithium-ion power supplies,
beta batteries have an undeniable advantage as an energy source with an almost
unlimited lifetime. To increase the efficiency of the devices, additional
radioluminescent layers with scintillator properties are used. All beta batteries known
today use inorganic materials (ZnS(Ag), CdS(Ag), NaI(Tl) et. all.). We have
previously shown that some organo-lanthanide complexes exhibit high scintillation
properties. [1] Based on these data, radio-voltaic devices (beta-batteries) were
manufactured, in which organic complexes of lanthanides were used as a material for
converting high-energy particles (X-rays and electron flux) into photons in the visible
region of the spectrum. The devices consisted of 2 parts: a photovoltaic cell and an
photoemitter. The photovoltaic part was a planar heterostructure of the composition
ITO/SiPc(OSiMe2)2/C60/Bphen/Al, where SiPc(OSiMe2)2 is bis-(trimethylsiloxy)phthalocyaninate of silicon, Bphen is batophenanthroline. The manufactured radiovoltaic cells were irradiated with X-rays (Ua = 45 kV Ia = 150 μA) and an electron
flux with an energy of 100 keV and an intensity of 3 nA/cm2. The working area of the
device was 25 mm2. The results are collected in Tables 1 and 2 under X-ray and βray, respectively. The obtained data indicate that organo-lanthanide complexes are
promising materials for the manufacture of efficient beta-battery.
Table 1. Characteristics of beta-batteries under X-ray.
Emitter
Eu(TTA)3(DME)2
Tb(acac)3(H2O)3
Tb(acacF)3(Phen)
Tb(pmip)3(TPPO)2
Eu(TTA)3(DME)2 (50%) +
Tb(acac)3(H2O)3 (50%)

Uoc, mV
0,06
0,3
0,2
3,1
1,3

Isc, µА
0,2
0,4
0,1
5
0,3

P, pW
0,012
0,12
0,02
15,5
0,39

Table 2. Characteristics of beta-batteries under β-ray.
Emitter
Eu(TTA)3(DME)2
Tb(acac)3(H2O)3
Tb(acacF)3(Phen)
Tb(pmip)3(TPPO)2
Eu(TTA)3(DME)2 (50%) +
Tb(acac)3(H2O)3 (50%)

Uoc, mV
0,06
0,3
0,2
3,1
1,3

Isc, µА
0,2
0,4
0,1
5
0,3
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Thermoelectric properties of SiGe structures obtained by electro-pulse plasma
sintering
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Demina P.B., Boldin M.S., Lantsev E.A., Popov A.A.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: yurakz94@list.ru
Annotation. This paper presents the results of studying the dependence of the
thermoelectric parameters of SiGe structures obtained by the method of electro-pulse
plasma sintering on the concentration of the dopant at the same technological
sintering parameters. The temperature dependences of the factors of thermoelectric
figure of merit ZT are given.
Environmental problems associated primarily with the ineffective use of fuel
resources raise the issue of the development of alternative sources of electrical
energy, in particular, low-power autonomous power sources, which can be
thermoelectrics. These are materials in which an electric voltage arises on opposite
faces under different temperature conditions.
A semiconductor material based on solid solutions of Si and Ge is a well-known
high-temperature thermoelectric [1]. Modern trends in the technology of
thermoelectric energy converters are associated with the creation of materials with an
ultrafine-grained polycrystalline structure, which provides low values of thermal
conductivity while maintaining high Seebeck coefficient and electrical conductivity
[2]. In this work, we investigated materials based on Si1-xGex obtained by the method
of electro-pulse plasma sintering of Ge and Si powders. This method provides ample
opportunities for the formation of a nanosized polycrystalline structure and control of
its parameters. The objects of study were structures with different sintering
temperatures, in which the content of the dopant, antimony, was varied.
To assess the efficiency of thermoelectric materials, the thermoelectric figure of
merit ZT is used, which is numerically equal to the product of electrical conductivity,
Seebeck coefficient and temperature, divided by the thermal conductivity coefficient
(ZT=σ∙α2∙T/λ). The electrical conductivity was measured using a four-probe circuit.
The value of the thermal conductivity coefficient was obtained using the method of
stationary heat flux [3]. The Seebeck coefficient was calculated by measuring the
voltage between contacts at a given temperature difference.
Table 1. Parameters of the investigated structures
№

Sint. temp., oC

1
2
3
4

750
900
1020
996

Antimony
conc., %
0.5
0.5
0.5
0.7
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№

Sint. temp., oC

5
6
7
8

1020
1040
1020
1040

Antimony
conc., %
0.7
0.7
0.9
0.9
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Figure 1. Temperature dependences: a - Seebeck coefficient, b - resistivity, c - thermoelectric figure
of merit factor, investigated structures.

The paper shows a strong dependence of the thermoelectric figure of merit on the
maximum sintering temperature, which is associated with the melting of Ge and an
improvement in the diffusion of silicon atoms into germanium with the subsequent
formation of a solid solution. An increase in the concentration of antimony leads to a
decrease in the resistivity of the structure. For a structure with optimized parameters,
a value of ZT = 0.58 was obtained, which is comparable with the literature data [4-5].
This work was supported by a grants from the President of the Russian Federation
(MD-1708.2019.2), as well as by the RFBR projects (20-38-70063, 20-32-90032).
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Water-soluble polysiloxane as a drug delivery for bioimaging
Ladilina E.Yu. 1, Lvubova T.S.1, Grishin I.D. 2 , Zakharvcheva N.S.2, Zakharvchev
E.A. 2, Lermontova S.A.1, Klapshina L.G.1
1
Razuvaev Institute of Organometallic Chemistry, Russian Academy of Sciences,
2
Lobachevsky University, Nizhny Novgorod, Russia
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Nanomaterials are very attractive for in vivo imaging due to their small size,
the ability to regulate their physicochemical properties (size, shape, density, surface
charge), as well as the ability to deliver diagnostic tools when several imaging
methods are combined for each particle (for example, magnetic resonance imaging
(MRI) and fluorescence). Nanoparticles that are used as carriers of various drugs and
diagnostic agents can be organic or inorganic in their nature. The most attractive
materials for the nanocarriers are organic-inorganic hybrid materials. Nanoparticles
with functionalized surfaces can be obtained on the basis of siloxanes of different
structure by hydrolysis of trialkoxysilanes containing various organic substituents.
An important issue in the development of polymeric nanomaterials for imaging
systems is to achieve their solubility and stability. The presence of a large number of
amine, hydroxy or carboxyl groups in the substituents of the main chain ensures good
solubility of the polymers in water. The polymer n-donor groups such as ether,
amine, carbonyl, or amide groups determine efficient interaction of the polymers with
drugs. The polymers containing the listed groups are рН-sensitive and can be used in
the diagnosis and treatment of tumors since a more acidic environment is observed
near cancer cells due to the specifics of their metabolism. By hydrolysis with excess
water, we obtained a polysiloxane based on a trialkoxysilane containing three
hydroxyl groups in each substituent on silicon, N-2-hydroxy-1,1-di (hydroxymethyl)
ethyl-N'-3-triethoxysilylpropylurea. The polymer is non-toxic due to the absence of
organic solvents and catalysts in the process of its synthesis. Polysiloxane has a
branched structure. The degree of branching, which can be estimated using the
integrated intensities of signals from its NMR 29Si spectrum, is 0.75. GPC and
MALDI methods show comparable results, both in terms of masses and the degree of
polymer dispersion. The polymer, when mixed with water to a concentration of 25%,
forms well-flowing solutions, with a high polymer content (up to 40%) - viscous. The
dynamic viscosity of dilute aqueous solutions of siloxane weakly depends on their
concentration, and at low concentrations it is close to the viscosity of water. Since the
polymer has a large number of branches, its macromolecules are spherical in water.
This is confirmed by the values of the constants in the Mark-Kuhn-Houwink
equation. Polymer particles in water have a size of no more than 4 nm and are
individual macromolecules that form associates 138-814 nm in size due to the
interaction of surface functional groups. They are able to retain a poorly soluble
fluorophore in water, both separately and with a gadolinium complex. Doped
particles are also capable of interacting with proteins. The paramagnetic
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characteristics of particles containing both a gadolinium complex and a porphyrazine
dye are significantly better than those of standard contrast agents used in clinical
diagnostics. Due to the combination of fluorescent and paramagnetic properties,
nanoparticles based on polysiloxane can be promising as new bimodal agents for
non-invasive tumor diagnostics: in fluorescence and magnetic resonance bioimaging.
Hard alloys with ultra-low cobalt content obtained by spark plasma sintering
Lantsev E.A.1, Nokhrin A.V.1, Malekhonova N.V.1, Murashov A.A.1, Smetanina
K.E.1, Blagoveshchenskii Yu.V.2, Isaeva N.V.2
1
Lobachevsky University, Nizhny Novgorod, Russia
2
Baikov Institute of Metallurgy and Materials Science, Moscow, Russia
E-mail: elancev@nifti.unn.ru
The aim of this work was to study the features of spark plasma sintering (SPS)
of fine-grained ultralow-cobalt hard alloys based on tungsten carbide with different
cobalt content WC- (0.3-1) wt% Co and, in particular, to study the effect of small
additions of cobalt on the microstructure and mechanical properties of the obtained
samples.
The objects of study in this work were tungsten monocarbide nanopowders αWC, obtained by the plasma-chemical method followed by reduction annealing in
hydrogen at a temperature of 1050 ℃ (3 h). Various concentrations of cobalt were
added to tungsten carbide nanopowder with an initial particle size of 95 nm by
precipitation from an alcohol solution of CoCl2 ∙ 6H2O salts: 0.3, 0.6, and 1 wt% Co.
The deposition of salts was carried out under conditions of active stirring, at a
temperature of 100 ℃. After deposition, the resulting WC-Co nanopowders were
subjected to reductive annealing in hydrogen sequentially at temperatures of 300 ℃ (1
h) and 700 ℃ (3 h). Annealing was carried out in a Nabertherm RS 120/750/13
hydrogen furnace.
The compacting of samples with a diameter of 12 mm and a height of h = 4 mm
was carried out by the method of spark plasma sintering (SPS) using the Dr. Sinter
model SPS-625 (Japan). Sintering of nanopowders was carried out in vacuum (2-5
Pa), in a continuous heating mode. Sintering under conditions of continuous heating
was carried out by heating the samples at a predetermined rate of 50 ℃/ min to the
sintering temperature Ts, followed by cooling in a free mode. There was no holding at
a temperature Ts. Sintering was carried out under conditions of a uniaxial pressure of
70 MPa, which was applied to the sample simultaneously with the start of heating.
During the experiments, the dependence of shrinkage (L) and shrinkage rate (S) of
powders on the heating temperature and isothermal holding time was monitored.
It was shown that the samples obtained by the SPS method have a high density
(96.4-98.4% of the theoretical value), a fine-grained structure, and high mechanical
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properties: the hardness of the WC-0.3% Co hard alloy is ~ 20.5 GPa, and the
Palmquist crack resistance coefficient is K1C = 7.1 MPa ∙ m1 / 2.
The generalization of the results shows that with an increase in the concentration
of cobalt, the absolute and relative values of the density of the sintered samples
decrease. The result obtained, in our opinion, is a consequence of an increase in the
volume fraction of the η-phase particles in hard alloys, which have a lower theoretical
density (14.48 g / cm3 for Co3W3C).
The results of electron microscopic studies showed that the addition of 0.3 wt%
Co to the composition of pure tungsten carbide nanopowder leads to the appearance
of anomalous grains in the structure of the surface layer of hard alloys sintered in the
continuous heating mode. In a tungsten carbide ceramic sample, the average grain
size is ~ 0.2-0.3 μm, while in the WC-0.3% Co hard alloy, the average grain size
increases during sintering to 25 μm, and the structure contains a significant volume
fraction (~ 80%) abnormally large grains 40-50 µm in size. A further increase in the
cobalt content to 1 wt% leads to a decrease in the average grain size and a decrease in
the proportion of abnormally large grains to ~ 4.5 μm and 45%, respectively.
The analysis of the sintering kinetics showed the process of high-speed sintering
of ultrafine-grained ultra-low-cobalt hard alloys can be represented as a sequential
change of the following mechanisms: rearrangement of particles at low temperatures
(Stage I) → sintering of WC-Co particles due to diffusion creep of cobalt according
to Coble, the intensity of which is determined by the rate of grain boundary diffusion
(Stage II) → sintering due to diffusion creep, the rate of which is limited by the rate
of volumetric diffusion in cobalt (Stage III-1) → sintering of tungsten carbide
particles along the WC / WC grain boundaries under conditions of intensive grain
growth (Stage III-2).
This work was supported by the Russian Science Foundation No. 18-73-10177.

Investigation of the processes of structure formation during hot deformation and
heating of deformed metals and alloys using pole figures
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E-mail: lukinaea@viam.ru
There is a technological equipment developed in the work that allows to obtain
workpieces with a limited texture, i.e., the texture of rolling, under conditions of
compression deformation. Using this equipment, on the example of an aluminum
alloy [1], a method for modeling rolling in compression experiments under
isothermal conditions was developed.
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Using a universal testing machine configured for compression and the developed
equipment [2], laboratory experiments on hot deformation of an aluminum alloy were
carried out, on the basis of which a diagram of thermomechanical parameters of
deformation was constructed, linking the stress of plastic flow with the temperature
and speed of deformation. It is established that in the studied temperature-velocity
region of deformation, the plastic flow stress changes by a factor of 4.
A method for studying recrystallization in hot-deformed metals using pole figures
(PF) has been developed. PFs contain information about both recrystallized and nonrecrystallized (deformed) volumes of the metal under study. It is shown that the use
of PF in the study of the processes of structure formation associated with the release
of crystalline substances from the textured state is as effective as in the study of the
transition to the textured state.
A diagram of the structural States of an aluminum-lithium alloy is constructed using
the method of recrystallization analysis based on PF. It is established that in the range
of deformation temperatures from 400°C to 480°C and strain rates from 10-3 to 10-1
sec-1 there are 2 regions: partially recrystallized structure and non-recrystallized
structure. The region of complete recrystallization is absent [3].
Based on the analysis of recrystallization by PF, a diagram of the structural States of
an aluminum alloy deformed in the temperature range from 400°C to 480°C and
strain rates of 10-3 to 10-1 sec-1, and passed subsequent heat treatment, including
high-temperature annealing at 530°With and an exposure time of 1 hour. It is
established that as a result of hot deformation and subsequent heat treatment, a
structure of 2 types is formed: partially recrystallized and fully recrystallized.
Methods for constructing diagrams of structural States are intended for
developing parameters of the technology for obtaining blanks and semi-finished
products with a regulated structure and are applicable for structural alloys on various
bases [4].
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Dynamical nanostructuring of ionic crystals near the melting point
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At present, much attention is paid to the study of transition states near phase
transitions of the first order. Near the melting point Tm, a special type of phase
appears - premelting phases. In this work, were analyzed the structuring dynamics of
the transitional premelting phases of ionic crystals KCl and NaCl. It was revealed that
the premelting is a nonequilibrium fluctuation process accompanied by the
appearance of dissipative states near the melting point in the temperature range of
~30-60 oС below the melting point. Studies of the spectral characteristics of
fluctuation thermal processes have shown that the frequency spectrum of such
fluctuations is 1/f2 noise or nonlinear Brownian noise, which indirectly indicates
structural rearrangements in the premelting region. Structural studies by X-ray
diffraction (XRD) in the premelting region of KCl and NaCl ionic crystals (based on
the temperature ranges determined earlier by the DTA method) also revealed a
nonmonotonic change in the intensity of peaks and sizes of coherent-scattering
regions at different temperatures. Based on the data of X-ray structure analysis, the
sizes of coherent-scattering regions (~60-90 nm) in the premelting region of KCl,
NaCl were estimated. A broadening of the NaCl (200) reflection is observed in the
premelting temperature range (Fig. 1) [1]. This indicates the decomposition of large
crystals of NaCl into smaller ones near the melting point. However, due to the
complexity of the experiment at such high temperatures, the statistics of the obtained
XRD patterns in the region of the NaCl (200) reflection is insufficient to determine
the coherent-scattering regions size with an accuracy of more than 10 nm. On the
other hand, the results of estimating the crystallite size in the NaCl premelting phase
show that the coherent-scattering regions size in the transition phase changes
nonlinearly in the temperature range ~0.8Tm. Thus, the nonequilibrium nature of the
observed processes was confirmed.

Figure 1. XRD patterns of NaCl (200) reflections and the results of decomposition into doublet
components kα1 и kα2: a) polycrystalline NaCl powder at room temperature; b) NaCl in premelting
temperature range.
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Planar “Ginzburg sandwich” for possible RTSC in perovskite-like systems
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FRC “IAP RAS”: Inst. for Phys. of Microstruct. RAS, Nizhny Novgorod, Russia
E-mail: mazov@ipmras.ru
The idea of high temperature superconductivity (HTSC) (Little-Ginzburg, 1964)
is based on exciton mechanism when thin metallic regions are surrounded by highly
polarized ones. Little’s nanosystem was organic (like DNA) in nature while Ginzburg
proposed inorganic nanoheterostructure - “sandwich”: insulator-metal-insulator. Such
structure (in planar geometry) was in fact realized in conducting planes of HTSC
copper oxides (Bednortz-Mueller, 1986). It arises due to magnetic (AF SDW) phase
transition, preceding SC one [1,2]. Such a picture is characteristic for systems with
coexistence of dielectric and SC pairings [3]. Because of incommensurability of
SDW it is accompanied by CDW with one-half wavelength. SDW/CDW state in
CuO2-plane is realized as periodical system of alternating charge, conducting (C) and
spin, semi-insulating (S) nanostripes. High Tc is reached due to CT-excitons in Sstripes, providing Cooper pairing in C-stripes. Similar situation is in iron-based
HTSC (Hosono, 2008) and probably in metallic hydrogen and hydrides at high
pressure [4]. Such mechanism can be used to create the room temperature SC (RTSC)
[5]. However, it is necessary use perovskite-like componds in which Neel
temperature is of the order of 1000 K without doping. In principle, such compound
recently has been synthesized – technetium perovskite CaTcO3 [6]. Another way for
RTSC is to construct it artificially, with atomically thin layers (like x-ray mirrors) [7].

a)
b)
c)
Figure 1. Nanostripe structure in conducting planes of YBCO (a) FeAs (b) and possible RTSC (c).
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The purpose of this study was to provide computer simulation the process of
blast treatment of carbon steel by the finite element method in the ANSYS
Workbench software environment and to verify the calculation results by conducting
experimental studies of the structure and properties of U8 carbon steel in the initial
state and after explosive hardening treatment. The steel was investigated using
research methods of metallography, measuring microhardness and Rockwell
macrohardness, also abrasive wear tests . The structural state of carbon in steel was
investigated using the internal friction method.
Analysis of the results of computer simulation showed that the deformation
process under explosive loading proceeds unevenly in the longitudinal and cross
sections of the cylindrical workpiece. The pressure values during the explosion reach
several gigapascals, which leads to the hardening of the steel billet in certain zones.
The maps of pressure and temperature distribution in various sections of the steel
billet have been constructed. Sections with the maximum calculated value of
hardening were selected for research.
Metallographic studies have shown that U8A steel in the initial state has a
pearlite microstructure, predominantly of a lamellar nature. The steel structure
contains zones of spheroidized pearlite, which leads to an inhomogeneous
distribution and a decrease in microhardness in these areas. It is shown that the
explosion treatment does not lead to a noticeable overall increase in the
macrohardness and wear resistance of steel, but is accompanied by a slight increase
in microhardness in the regions of lamellar (up to ~ 2800 MPa) and spheroidized
pearlite (up to ~ 2300 MPa).
Internal friction studies have shown that in the initial state, there is a peak of
internal friction at a heating temperature of ~ 160 ° C, which is probably of a
dislocation nature. After explosive treatment, an increase in the background of
internal friction is observed, which is obviously caused by an increase in the density
of lattice dislocations. On the temperature dependence of internal friction, a SnookKester peak is observed at a temperature of ~ 270 ° C. The results obtained indicate
that during blasting treatment there is an increase in the concentration of carbon at the
cores of lattice dislocations, which is evidently due to the "escape" of carbon atoms
from the plates of cementite Fe3C. This leads to partial spheroidization of the
cementite plates and a decrease in the wear resistance of the steel.
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conducting microalloyed aluminum alloy for composite wires
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Small-sized (with a diameter of less than 0.5 mm) composite wires are one of
the key elements of modern aircraft electric systems, they are thereby subject to
stricter requirements concerning electric conductivity, strength, and thermal stability.
One of the biggest challenges of modern electrical engineering is to replace copper
wires with aluminum ones while ensuring the same level of thermal stability, high
electrical conductance and strength at elevated temperatures. The research focused on
the structure of small-sized composite wires with a diameter of 0.2-0.5 mm.
Microalloyed aluminum alloys with a varying content of scandium, zirconium,
hafnium, and ytterbium were used as base materials. Selection of the casting modes
and the chemical composition of the alloy was determined to minimize the volume of
Al3(Zr,REE,TM) primary phases, which could cause the wire to break during cold
rolling. Wires made of A99 aluminum were also used for comparative purposes.
Aggregated findings suggest that for most alloys, the presence of primary phases
is a consequence of partial decomposition of the supersaturated solid solution under
crystallization. This leads to a decrease in the specific electrical resistivity (SER) of
the alloy – the SER value appears to be below the theoretical value.
The bars were subjected to severe plastic deformation using by Equal Channel
Angular Pressing (ECAP) and Rotary Swaging followed by recrystallization
annealing in order to eliminate the heterogeneity of the chemical composition and
microstructure. The annealing conditions were selected individually for each alloy to
ensure a homogeneous recrystallized structure with a SER (no more than 2.8-2.9
Ω·cm). The annealing at 320 оС leads to a fairly noticeable increase in SER for most
of alloys. This goes to prove that solid solution decomposition begins, and
Al3(REE,TM) precipitation starts. It should also be noted that solid solution
decomposition in scandium-containing alloys begins at a lower temperature (275 оС)
than in alloys with higher zirconium content. This result shows that Al3Sc and
Al3(Zr,REE,TM) precipitates form independently in the alloys under consideration.
The workpieces were then scalped to remove oxides and subjected to multistage
cold rolling in grooves. Rolling was performed on copper-coated workpieces. As a
result, samples of composite aluminum wires with a diameter of 0.26 mm and a
copper coating approx. 10 μm thick were produced.
Mechanical tensile tests of wires at room temperature demonstrate that they are
quite strong – after rolling, the tensile strength of wires made of the new alloys
exceeds 500 MPa. Thermal stability of the structure and mechanical properties of
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wires made of microalloyed fine-grained aluminum alloys has been studied. It
has been shown that the alloys have high thermal stability at isothermal
exposure within a temperature range of 100-500 оС. It has been confirmed that
annealing is accompanied by recrystallization processes that impair the
mechanical properties of the wire. The rate of copper diffusion into the surface
layers of the aluminum wire is negligible. The fracture analysis has shown that
the annealed samples after tensile tests demonstrate ductile failure. No
detachment of the copper buffer layer from the aluminum wire surface was
observed.
The work was supported by Russian Science Foundation (grant 20-1900672).
Study of corrosive resistance of ultrafine-grained α- and near-α titanium
alloy
Nokhrin A.V.1 , Chegurov M.K. 1, Kozlova N.A. 1 , Likhnitskii C.V.1 , Andreev
P.V.1, Berendeev N.N. 1, Murashov A.A. 1, Kopylov V.I. 1,2 , Chuvil’deev V.N 1 .
1
Lobachevsky University, Nizhny Novgorod, Russia
2
Physical and Technical Institute, NAS of Belarus, Minsk, Belarus
E-mail: nokhrin@nifti.unn.ru
The - and near--titanium alloys are extensively used today in nuclear
engineering and nuclear power industry to produce heat exchange equipment for
nuclear engineering. The hot salt corrosion (HSC) is considered to be one of the
most dangerous types of decay in titanium alloys.
The research has been conducted into the impact that structural-phase state
of grain boundaries in -titanium alloy Ti-2.5%Al-2.6%Zr (Russian industrial
name PT-7M) near--titanium alloy Ti-5%Al-2%V (Russian industrial name
PT-3V) and has on strength, plasticity and susceptibility to intercrystalline
corrosion (ICC). Ultrafine-grained (UFG) structure was formed using the Equal
Channel Angular Pressing (ECAP) technology and Rotary Swaging (RS)
technology.
Autoclave HSC tests were carried out in a mixture of NaCl and KBr salts at
the ratio of 300:1 at 250 оС. Corrosion electrochemical studies were performed
using
R-8
potentiostat-galvanostat
in
an
aqueous
solution
of
0.2%HF+10%HNO 3 .
It is found that increased resistance to ICC in UFG alloy PT-3V is related
to diffusion redistribution of vanadium on grain boundaries. It is found that a
decrease in average grain size along with a decrease in vanadium local
concentration during high-temperature ECAP leads to a reduction in the depth
of intercrystalline hot salt corrosion defects from ~500-700 m to 100-150 m.
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It is shown that there are two types of corrosion defects observed on the
surface of a coarse-grained near--titanium alloy PT-7M after HSC tests:
defects related to stitched -phase particles (defects of type I) and ICC defects
(defects of type II) related to higher concentration of corrosive doping elements
(zirconium, aluminum) along grain boundaries. The nature of HSC-driven decay
that occurs in UFG alloys depends on testing time and changes from pit
corrosion to ICC when testing time increases from 270 h to 500 h. Changes in
the nature of corrosion decay affecting a UFG alloy PT-7M occur when
recrystallization starts, during which intensively migrating grain boundaries
bring forth corrosive alloying elements distributed in the crystal lattice of a PT 7M titanium alloy.
Formation of a UFG structure is found to increase the resistance of a
titanium alloy PT-7M to electrochemical corrosion and hot-salt corrosion.
During electrochemical testing, corrosion damage to the surface of a coarse grained specimen occurs through etching interphase (-)-boundaries; active
corrosion etching of localized deformation bands is observed in a UFG alloy.
The work was supported by Ministry of Science and Higher Education
(grant No. 075-03-2020-191/5).
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Investigation of the structure and spectral-luminescent properties
of bismuth-doped barium germanate glasses and glass-ceramics

Absorbtion, a.u.

Pynenkov A.A., Nishchev K.N., Kyashkin V.M.
N.P.Ogarev Mordovia State University, Saransk, Russia
E-mail: alekspyn@yandex.ru
The optical materials doped with bismuth are promising active media for
wideband optical amplifiers and lasers operating in the near infrared wavelength
range [1]. That is why the investigation of this type of active media is of great
interest. In this summary we report the results of a comparative study of the
luminescent properties of Bi-doped barium germanate glasses and glass-ceramics of
the same chemical composition. The investigated glasses with compositions of
83GeO2 –14BaO – 2X – 1Bi2O3, (Х = CaO, CdF2, Ga2O3, Al2O3, Sb2O3, SnO2) were
fabricated by the conventional melting-quenching method. The glasses were
synthesized in air atmosphere. The glass-ceramics were obtained from the sintered
glass samples by high-temperature annealing process with different treatment times.
In this case, the annealing temperature was ~650 oC close to the crystallization
temperature of the glass. The parameters of crystalline phase formed in glasses were
analyzed by X-ray diffractometer Empyrean (PANanalytical). The luminescence
spectra were recorded using a spectrofluorimeter FLSP920 (Edinburgh Instruments).
Fig. 1 shows the absorbtion spectra of glass-ceramics. It is seen that, depending on
the type of modifying atom, significant
480nm
BaCaGe +Bi
differences are observed. So, when Ca and Cd
4
BaCdGe +Bi
are added to the composition, absorption bands
BaAlGe +Bi
550nm
BaGaGe +Bi
are observed with maxima at wavelengths of
3
BaSnGe +Bi
430 and 615 nm, with the introduction of Ga
BaSbGe +Bi
2
and Al - 480, 550 nm, with the introduction of
615nm
Sn - 430, 550.615 nm, and with the
760nm
1
introduction of Sb - 430, 550 and 760 nm . It
430nm
is noted that with the introduction of various
0
400
600
800
1000
elements from the same group of the periodic
,nm
Fig.1. Absorbtion spectra of glass-ceramics
table D.I. Mendeleev, the position of the
.
absorption bands does not change. Only a
change or redistribution of the intensities of these absorption bands is observed. We
suggest that this effect is probably caused by a structural modification of local
environment of a Bi ion emitting in near IR region. Taking into account the structural
glass-ceramic parameters identified by means of X-ray analysis, the model of the
crystalline phase structure containing Bi ions was developed.
References
[1] I. A. Bufetov, M. A. Melkumov, S. V. Firstov, K. E. Riumkin, A. V. Shubin, V.
F. Khopin, A. N. Guryanov, and E. M. Dianov, “Bi-Doped Optical Fibers and Fiber
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Planar GaAs P-N diode structures on Ge/Si substrates
Rykov A.V., Shengurov V.G.
Lobachevsky University, Nizhny Novgorod, Russia
E-mail: rykovsc@gmail.com
Fabrication problems of hybrid epitaxial A3B5/Si structures for the pupose of
optoelectronic devices creation have been actively studied in recent decades [1]. The
fundamental obstacle to the creation of A3B5 devices on a silicon substrate is a large
number of defects that inevitably appear in the course of heteroepitaxy [2]. In this
work, we study a series of samples with a planar GaAs p-n junction, which can be
used in light-emitting devices on Si substrates. Ge/Si substrates used in this study
were created by hot-wire CVD [3]. Identical structures were grown by MOCVD on
Ge/Si(100)±0.5°, Ge/Si(100)+4° substrates, and a semi-insulating GaAs substrate
(control sample). Al0,3GaAs was used as a seed layer, after which 400 nm thick GaAs
buffer was grown, then cyclic annealing was performed to reduce the threading
dislocation density in the structure. Next, a planar p-n junction was grown, including:
1,5 μm thick n+-buffer with the InAlAs dislocation filter (5 10 nm thick layers with
30 nm GaAs spacing), n-type and p-type layers with thickness of 150 nm each,
separated by the undoped 10 nm GaAs layer, as well as 50 nm thick contact p+-layer.
Samples were partially etched down to the n+-buffer, and Sn contacts were applied
using electric spark to create n-contacts of a diode. Indium contacts were soldered to
the p-type region. The current-voltage characteristics showed good rectifying
properties of diodes and fairly low reverse currents even without using surface
passivation techniques. Thus, the current at the reverse bias of -2 V was two orders of
magnitude lower than the current at the forward bias of 2 V for all samples. A similar
case was observed for a structure in which the p-n junction was created with the
inclusion of a Si substrate [4]. In this case, the p+-contact was on the KDB-0.005
substrate, and the p-n junction was formed by the successive growth of p+-Ge, and
then p, n, and n+-type GaAs layers. However, in that case, the ratio of currents at
positive and negative bias was less than 5, while in the case of planar diodes it was
117 for a sample on a Ge/Si(100) substrate and 83 for a sample on Ge/Si(100)+4°.
This result indicates that it is necessary to increase the efficiency of conduction
through the heterostructure layers, and special attention should be paid to the
GaAs/Ge heterojunction.
References
[1] D. Liang, E. Bowers // Nature Photonics. 2010. V. 4. P. 511.
[2] Q. Li, K. M. Lau // Progress in Crystal Growth and Characterization of Materials.
2017. V. 63. P. 105-120.
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Filatov D O, Shengurov V G // J. Phys.: Conf. Ser. 2014. V. 541. P. 012026.
[4] A V Rykov, S A Denisov, V G Shengurov, N V Baidus, Yu N Buzynin // J.
Phys.: Conf. Ser. 2020. V. 1482. P. 012034.
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Studying thermal stability of cast and microcrystalline
alloys Al-(2.5, 4)%Mg-Sc-Zr
Shadrina I.S.1, Nokhrin A.V. 1, Kopylov V.I. 2, Bobrov A.A. 1, Likhnitskii C.V.1
1
Lobachevsky University, Nizhny Novgorod, Russia
2
Physical-Technical Institute, National Academy of Sciences of Belarus, Belarus
E-mail: janashadr@gmail.com
Al-2.5%Mg-Sc-Zr and Al-4%Mg-Sc-Zr alloys are the objects of the study. The total
content of Sc+Zr = 0.32%. The Sc content was varied from 0.10% to 0.22% at an
interval of 0.02%, with the Zr concentration in the alloy being changed
proportionally. Bars of 2020160 mm were produced by induction casting. The
alloys were not tempered or homogenized after casting. The MC structure was
formed by the Equal Channel Angular Pressing (ECAP) method at a temperature of
225°С.
Microhardness measurements were taken with an HVS-1000 microhardness tester
(50 g load, 10 s loading time). Specific electrical resistivity (SER) was measured
using eddy current method with a SIGMATEST 2.069 instrument. Microstructure was
researched using a JSM-6490 scanning electron microscope with an Oxford
Instruments INCA 350 energy-dispersive microanalyzer. Macrostructure was
researched using a Leica IM DRM metallographic microscope. Samples were
annealed using a SNOL air furnace with a controllable heating system.
In their initial state, Al-2.5%Mg-Sc-Zr cast alloys have a coarse-grained
homogeneous structure in the central part of the bar and columnar crystal structure at
the edges of the bar. 4%Mg cast alloys have a coarse-grained homogeneous structure
with the grain size of ~30-50 μm on the scandium-to-zirconium ratio in the alloy. The
structure of alloys with a total content Sc + Zr> 0.30% demonstrates primary
particles with an average size of ~0.35-1.3 μm containing scandium. No primary
particles were detected in alloys with an Sc content < 0.30%. The research results
suggest that SER experimental values are quite close to their theoretical values,
calculated using the additivity rule. This signals that most of scandium and zirconium
is in a solid solution.
The onset temperature of solid solution breakdown in cast alloys Al-2.5%Mg-ScZr is 275°C and 200°C in cast alloys Al-4%Mg-Sc-Zr. It was demonstrated that
breakdown of solid solution in cast alloys is two-staged, which is caused by
"separate" release of Al3Sc particles at lower temperatures at the cores of lattice
dislocations, and then, at higher temperatures, release of Al 3Zr particles at the
boundaries of dendritic crystals (grain boundaries).
Studies of the microstructure of annealed microcrystalline Al-2.5%Mg-Sc-Zr
alloys demonstrate that the recrystallization onset temperature is 375-400°С.
This study has been supported by the Russian Science Foundation (grant No. 1813-00306).
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Study of phase composition homogeneity of WC-based ceramics obtained by
spark plasma sintering
Smetanina K.E., Andreev P.V., Lantsev E.A., Vostokov M.M.
Lobachevsky University, Nizhny Novgorod
E-mail: smetania-ksenia@mail.ru
Ceramics obtained by spark plasma sintering of WC powder (with an average
particle size of 3 μm,) were studied by X-ray diffraction layer-by-layer analysis.
Sintering of two samples was carried out on the «Dr. Sinter model SPS-625»
(SPS Syntex, Japan) in a vacuum. Powder is poured into a hollow cylindrical graphite
mold (with an internal diameter of 12 mm) and fixed with graphite punches. Mode of
sintering: heating speed was 50℃/min, pressure was 70 MPa, sintering temperature
was 1690℃. Sintering of sample 2 was performed in the mold and with punches,
which were coated with BN to isolate the powder from these parts.
The surface of sintered ceramic samples was mechanical grinded with diamond
discs and sequentially mechanical polished with diamond pastes. There were
conducted 5 stages. X-ray diffraction experiments were performed on a
diffractometer «XRD-7000» (Shimadzu, Japan) in the «wide slit mode» using CuKαradiation after every surface treatment. Quantitative phase analysis was carried out by
the reference intensity ratio method. The Vickers hardness (Hv) was measured using a
«Struers Duramin-5» with 2 kg load.
The presence of a BN layer on the surface of graphite parts did not affect the
characteristic values of the W2C phase content and hardness HV of the ceramics
within error limits (fig. 1). This fact, as well as previous studies, allow to draw a
conclusion that recovery of W2C to WC on the surface occurs most likely due to the
carbon diffusion from graphite punches [1].

Figure 1. Distribution of W2C and HV by depth of studied WC-based ceramic samples.

The reported study was funded by Russian Science Foundation (RSF), project
№18-73-10177.
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Излучательные свойства лазера с напряженной активной областью
AlInGaAs/GaAsP
Дикарева Н.В., Самарцев И.В.
ННГУ им. Н.И. Лобачевского, Нижний Новгород, Россия
E-mail: dnat@ro.ru
Применение напряженных квантовых ям (КЯ) в активной области
лазерных гетероструктур, позволяет осуществлять управление выходными
характеристиками гетеролазеров. В настоящей работе представлены результаты
экспериментального исследования оптических свойств излучения под
действием знакопеременных упругих напряжений на гетерограницах структуры
полупроводниковых лазеров. Исследуемая лазерная структура с AlInGaAs и
GaAsP КЯ в активной области выращивалась методом МОС-гидридной
эпитакcии на подложке GaAs (100). Состав КЯ выбирался из условия, что в
одной КЯ преобладают напряжения сжатия, а во второй – растяжения. На
основе полученных структур изготавливались лазерные диоды с шириной
полоскового контакта 100 мкм и длиной резонатора 1 мм. Порог генерации
образцов составил около 500 мА. Установлено, что излучение AlInGaAs упруго
сжатой КЯ характеризуется ТЕ-поляризацией, тогда как излучение GaAsP
растянутой КЯ – ТМ-поляризацией излучения. Различие в длинах волн
генерации ТЕ- и ТМ- мод составило ~1 нм. При этом отмечено, что с
увеличением тока накачки доля ТЕ поляризации возрастает по отношению к
ТМ поляризации (рис.1).

Рисунок 1. Токовая зависимость поляризации лазерного излучения.

Уменьшение доли TM-излучения при высоких уровнях накачки может быть
связано с повышенной чувствительностью легких дырок в упруго-растянутой
КЯ к эффекту депиннинга уровня Ферми в GaAs [1]. Таким образом, в лазере с
КЯ AlInGaAs/GaAsP получена двухчастотная генерация мод с взаимно
ортогональной поляризацией, что может быть использовано для реализации
оптического переключателя. Авторы выражают благодарность за помощь в
подготовке к проведению исследований Карзановой М.В. и Бирюкову А.А.
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Физико-механические свойства керамик на основе Si3N4, изготовленных
методом искрового плазменного спекания
Каразанов К. О.1, Болдин М. С.1, Андреев П.В.2, Алексеева Л.С.1, Попов А.А.1,
Мурашов А.А.1, Щербак Г.В1
1
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2
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Наиболее перспективным методом получения мелкозернистой керамики с
высокими физико-механическими свойствами является искровое плазменное
спекание порошков (ИПС). Огнеупорная керамика на основе Si3N4 имеет
широкий спектр применения, но спекание чистых порошков Si3N4 невозможно
без добавок (например, YAG) из-за ковалентной природы химической связи.
Целью работы являлось изучение физико-механических свойств керамик
системы Si3N4–YAG, изготовленных методом ИПС.
В качестве исходного вещества был использован порошок α-Si3N4 (размер
частиц не более 5 мкм, содержание β-фазы не более 5 масс. %) с добавками
Y(NO3)3 и Al(NO3)3 в качестве прекурсоров. Расчет состава исходных реагентов
проводился с учетом того, что содержание Y2O3-Al2O3 находилось в молярном
соотношении 3:5 (стехиометрия иттрий-алюминиевого граната), а содержание
спекающей добавки в смеси составляло 10% масс.
Синтез исходных смесей проводился методом соосаждения в водном
растворе, методом Печини (с добавлением лимонной кислоты), желатиновой
матрицей и методом распылительной сушки. Для образования оксидной и
гранатовой фаз промежуточные продукты, полученные в результате синтезов,
отжигались поэтапно в течение 2-8 часов при 300, 500, 800, 1000℃ с
диспергированием в агатовой ступке между стадиями. Фазовые превращения в
смесях исследовали методами рентгенофазового анализа и дифференциальной
сканирующей калориметрии на каждой стадии отжига. Микроструктуру
порошков исследовали методом растровой электронной микроскопии.
Уплотнение керамики проводили методом ИПС при 70 МПа со скоростью
нагрева 100℃/мин. В качестве исходных смесей для спекания использовались
как продукты после полного цикла отжига (до 1000℃), так и продукты реакции
после отжига при 300℃ в течение 2 часов.
Изучение физико-механических свойств проводилаось посредством
измерения плотности методом Архимеда, твердости по Виккерсу,
трещиностойкости по Палмквисту.
Наибольшее значение твердости HV = 16.9 ГПа, трещиностойкости KIC =
5.4 МПа·м1/2 при плотности ρ = 3.225 г/см3 (99%) получено в случае ИПС
(скорость нагрева Vн = 100 °C/мин) порошкового композита на основе
микронного порошка Si3N4, синтезированного методом распылительной сушки.
Исследование выполнено при финансовой поддержке РФФИ в рамках
научного проекта № 19-33-60084.
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Исследование структуры и состава тонких износостойких покрытий для
твердосплавного режущего инструмента
Мурашов А.А., Туловчиков В.С., Болдин М.С., Нохрин А.В.
Нижегородский государственный университет им. Н.И. Лобачевского,
Нижний Новгород, Россия
E-mail: aamurashov@nifti.unn.ru
Целью
работы
является
исследование
структуры
и
состава
нанокомпозиционных покрытий, наносимых на поверхность мелкозернистых
твердосплавных режущих пластин, предназначенных для высокоскоростной
обработки конструкционных сталей. Одним из основных способов повысить ресурс
режущего инструмента является нанесение на его поверхность износостойких
покрытий, обладающих высокой твердостью, адгезией, стойкостью к окислению,
износостойкостью и др. Данные покрытия, как правило, состоят из нитридов,
карбидов, оксидов, карбонитридов металлов (титана, алюминия, хрома и др.) и
имеют толщину 3-15 мкм. Одним из основных методов нанесения износостойких
покрытий является метод химического осаждения из паровой фазы (CVD), при
котором покрытия осаждаются из парогазовой фазы в специальных реакторах при
температурах около 1000°С. В качестве объекта исследования выступали
твердосплавные режущие пластины фирмы Sandvik Coromant (Швеция),
предназначенные
для
получистовой
обработки
конструкционных
машиностроительных материалов в широком диапазоне скоростей резания и
величин подачи. Экспериментальная часть работы включала в себя: отработку
методик исследования тонких износостойких покрытий, исследование структуры,
состава и свойств данных покрытий. Данные задачи решались с использованием
растровой электронной микроскопии и локального энергодисперсионного
микроанализа (растровый электронный микроскоп Jeol JSM-6490 с
энергодисперсионным микроанализатором Oxford Instruments INCA 350). Фазовый
состав покрытий исследовался с помощью рентгеновского дифрактометра
Shimadzu XRD-7000. Покрытия наносились на твердые сплавы с содержанием
кобальта 8-10 вес.%Co, средний размер частиц карбида вольфрама составлял 1-4
мкм. Проведенные исследования показали, что покрытия являются многослойным
и состоит из нескольких слоев - Ti(C,N)+Al2O3+TiN. Поверхностный слой TiN
имеет толщину 0.3-0.4 мкм и имеет зеренную структуру. Размер зерна TiN
соответствует толщине покрытия. Покрытие из алюминия является
нанокомпозитным, состоящим из отдельных слоев толщиной 0.2-0.25 мкм. В
структуре слоев оксида алюминия общей толщиной 3-5 мкм встречаются поры
размером ~100 нм. Покрытие Ti(C,N) представляет можно разделить на два
подслоя, предположительно осажденных по разным режимам и имеющих
существенно различную зеренную структуру. В работе представлены результаты
рентгенофазового анализа нанокомпозитных покрытий, а также результаты
исследований их механических свойств.
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Старение и коррозионное растрескивание под напряжением сталей труб
магистральных газопроводов
Нохрин А.В., Чувильдеев В.Н., Чегуров М.К., Козлова Н.А.
ННГУ им. Н.И. Лобачевского, Нижний Новгород, Россия
E-mail: chuvildeev@nifti.unn.ru
В докладе представлены результаты многолетних исследований
коллективом НИФТИ ННГУ структуры и свойств сталей труб большого
диаметра магистральных газопроводов (МГ).
В работе описаны механизмы процесса старения малоуглеродистых
низколегированных сталей труб МГ. Показано, что процесс старения трубных
сталей обусловлен диффузионно-контролируемым движением атомов углерода
к дефектам решетки и образованием частиц карбидов по границам зерен
феррита. Показано, что процесс старения стали приводит к снижению
величины предела макроупругости и практически не влияет на величину
предела текучести стали. Сравнение стандартных механических свойств сталей
труб аварийного запаса и эксплуатировавшихся труб, показывает, что значения
предела текучести, предела прочности, пластичности и ударной вязкости лежат
«внутри» естественного 10%-ного разброса свойств, не изменяются с течением
времени и соответствуют требованиям нормативной документации. Таким
образом новый параметр - предел макроупругости – оказывается более
чувствительным к развитию процессов старения, чем стандартные
механические свойства, которые традиционно используются для расчета на
прочность МГ. В работе описаны результаты исследований влияния напряжений
на склонность сталей к зарождению и распространению трещин коррозионного
растрескивания под напряжением (КРН). Показано, что процесс старения
трубной стали создает силовые, структурные и электрохимические условия,
необходимые для зарождения трещин КРН. Испытания на зарождение КРНтрещин проводились по схеме «трехточечный изгиб» в нейтральных и
кислотных растворах. В процессе эксперимента фиксировалось время
инкубационного периода инк при заданном уровне напряжения (). Установлено,
что предел макроупругости стали является пороговым напряжением для
процесса КРН. Показано, что старение стали в процессе длительной
эксплуатации приводит к уменьшению времени инкубационного периода КРН
и снижению порогового напряжения КРН.
Представлены результаты электрохимических исследований коррозионной
стойкости трубной стали и показано, что в определенном интервале величин
стационарного электрохимического потенциала может наблюдаться резкое
снижение времени инкубационного периода КРН.
Предложена модель влияния процесса старения и процесса
микропластической деформации на зарождение трещины КРН, а также модель
влияния электрохимических условий на склонность трубной стали к КРН.
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Сверхпластичность мелкозернистой керамики на основе оксида
алюминия, полученной методом электроимпульсного плазменного
спекания
Попов А.А., Чувильдеев В.Н., Нохрин А.В., Мурашов А.А., Ланцев Е.А.
Национальный исследовательский Нижегородский государственный
университет им. Н.И. Лобачевского, Нижний Новгород,Россия
E-mail: popov@nifti.unn.ru
В работе обсуждается механизм высокотемпературной деформации
мелкозернистого оксида алюминия, полученного методом электроимпульсного
плазменного спекания, а также влияние режимов высокотемпературной
деформации на физико-механические свойства и эволюцию микроструктуры. В
качестве параметров рассматривались температура изотермической выдержки и
давление при испытаниях.
В качестве объектов исследования в работе выступали спеченные
керамические образцы (d1 = 1 мкм и d2 = 6 мкм) из систем порошков на основе
чистого оксида алюминия α-Al2O3 дисперсностью 50 нм и 200 нм.
Электроимпульсное плазменное спекание порошков проводилось на установке
Dr. Sinter SPS-625 «SPS SYNTEX, INC.» до окончания усадки (ρ > 99.5%).
Исследование высокотемпературной деформации выполнялось на установке
для ЭИПС в условиях одноосного сжатия. Температура процесса
высокотемпературной деформации контролировалась оптическим пирометром,
сфокусированным на поверхности графитовой пресс-формы с внутренним
диаметром 12 мм. Изотермическая выдержка проводилась в температурном
диапазоне 1150 ÷ 1210 0С. Механическое напряжение в процессе
изотермической выдержки варьировалось от 40 до 100 МПа.
В работе проведено исследование механизма высокотемпературной
пластической деформации на основании реологического уравнения,
связывающего скорость течения материала 𝜀̇ с напряжением течения σ
температурой деформации Т. Анализ параметров уравнения показал, что
мелкозернистый оксида алюминия в данных режимах обладает
сверхпластичностью (n = 2, p = 2). Установлено, что в процессе
высокотемпературной деформации средний размер зерна изменялся слабо от 6
до 7,5 мкм. Зерна не претерпели вытягивания в процессе деформации.
Получены энергии активации сверхпластического течения для
мелкокристаллического Q=22,8kTm и крупнокристаллического Q=17,6kTm
оксида алюминия. Энергия активации совпадает с энергией активации
зернограничной диффузии в чистом оксиде алюминия Qgb=20kTm.
Из анализа энергии активации для керамик с различным размером зерна
следует, что материал с d = 6 мкм имеет меньшую энергию, чем энергия
зернограничной диффузии в оксиде алюминия. Наша гипотеза заключается в
том, что понижение энергии активации связано с дополнительным свободным
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объемом, который могут привносят дислокации в границу зерен при активации
скольжения. Можно предположить, что в крупнокристаллическом материале
дислокационное скольжение является более выгодным, чем в мелкозернистом.
Установлено влияние пластической деформации на физико-механические
свойства. При деформации со скоростью ε̇ = 3,3*10-4 c-1 Hv уменьшается на 40%,
KIC увеличивается в два раза. При скорости деформации ε̇ = 5,0*10-5 c-1 Hv
уменьшается на 23%, KIC увеличивается на 30%. Поры, образующиеся при
пластической деформации, уменьшают твердость. При измерении
трещиностойкости поры являются стопорами трещин.
Благодарности
Работа выполнена при поддержке Российского научного фонда. (грант №2073-10113).

Получение керамических лангбейнитоподобных материалов и их
исследование
Потанина Е.А.1, Болдин М.С.1, Нохрин А.В.1, Ланцев Е.А.1, Попов А.А.1,
Отопкова П.А.2, Мурашов А.А.1, Балкарова Ж.Б.1
1
Нижегородский государственный университет им. Н.И. Лобачевского,
Нижний Новгород, Россия
2
Институт химии высокочистых веществ им. Г.Г. Девятых РАН, Нижний
Новгород, Россия
E-mail: еkaterina.potanina@list.ru
Объектом исследования являлась минералоподобная матрица со
структурой
лангбейнита
вида
K2Y0,05La0,11Ce0,25Pr0,09Nd0,36Sm0,06Eu0,06Gd0,02Zr(PO4)3, включающая в свой состав
редкоземельные элементы, имитирующие состав фракции, образующейся при
переработке РАО. Целью работы являлось получение керамической
лангбейнитоподобной матрицы и изучение её механических свойств,
устойчивости в воде.
Порошковые
материалы
синтезировали
золь-гель
методом,
компактирование
порошков
в
керамики
проводили
методом
электроимпульсного плазменного спекания (установка «DR. SINTER model
SPS-625 Spark Plasma Sintering System» (SPS SYNTEX INC. Ltd., Япония)) в
условиях постоянной скорости нагрева 100°С/мин, P=70 МПа, изотермическая
выдержка отсутствовала.
Аттестацию фазового состава и физико-механических свойств образцов
проводили методами РФА (рентгеновский дифрактометр Shimadzu LabX XRD6000), ДСК (термоанализатор Netzsch STA 449F1, T = 25-1200°С). Плотность
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керамик измеряли методом гидростатического взвешивания при помощи весов
Sartorius CPA. Микротвердость по Виккерсу (HV) измеряли на микротвердомере
HVS-1000 с нагрузкой 0,2 кг. Значение коэффициента трещиностойкости (KIC)
рассчитывали по методу Палмквиста. Химическую устойчивость изучали
методом длительного выщелачивания в статическом режиме при комнатной
температуре.
Целевая фаза лангбейнита (кубическая синг., пр.гр. P213, #ICDD 79-2444)
формировалась при 1000 ºС. По данным ДСК готового образца в интервале
температур от 25 до 1100°С эффектов на кривой ДТА и потери массы не
наблюдали. После 1100°С происходила незначительная потеря массы и при
температуре ~ 1400°С вещество плавилось.
Спекание порошка проходило в интервале температур 870-1120°С.
Максимальная скорость усадки была равна S=0,011 мм/с.
Плотность полученной керамики составила ρотн = 99,8%, значение
микротвердости было HV = 4,4 ГПа, коэффициент трещиностойкости KIC = 0,7
МПа×м1/2.
Минимальные скорости выщелачивания лантаноидов из керамики
K2Y0,05La0,11Ce0,25Pr0,09Nd0,36Sm0,06Eu0,06Gd0,02Zr(PO4)3 на 14-е сутки составили
Ri×107, г/(см2×сут): Y3+ – 2,49; La3+ – 2,16, Ce3+ – 2,36, Pr3+ – 1,47, Nd3+ – 1,32,
Sm3+ – 0,95, Eu3+ – 0,67, Gd3+ – 0,91. Такие величины скоростей выщелачивания
характеризуют
исследуемый
фосфат
как
обладающий
высокой
гидролитической устойчивостью. Образец керамики после гидролитических
испытаний сохранил исходный фазовый состав.
Исследование выполнено при финансовой поддержке РФФИ и
Госкорпорации «Росатом» в рамках научного проекта № 20-21-00145.
Исследование термической стабильности проводниовых мелкозернистых
алюминиевых сплавов системы Al-0.5Mg-Sc
Шадрина Я. С., Нохрин А. В., Копылов В. И., Бобров А. А.
Национально-исследовательский Нижегородский государственный университет
им. Н.И. Лобачевского
В качестве объектов исследования выступали сплавы Al-0.5вес.%Mg-XSc
(X = 0.2, 0.3, 0.4, 0.5 вес.%), полученные методом индукционного литья
(литейная машина INDUTHERM VTC-200) с последующей деформацией
методом ортогонально-углового прессования (ОУП) при температуре 225°C и
путем комбинации метода равноканального углового прессования (РКУП) и
ОУП. В процессе исследования определяли средний размер и объемную долю
рекристаллизованных зерен, микротвердость и удельное электросопротивление
в зависимости от температуры 30-минутного отжига. Исследование
микротвердости
проводилось
на
микротвердомере
HVS-1000.
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Металлографическое исследование зеренной структуры проводилось с
помощью металлографического микроскопа Leica IM DRM. Для исследования
удельного электросопротивления (УЭС) использовался прибор SIGMATEST
2.069. Отжиг проводился в воздушной печи типа СНОЛ, точность поддержания
температуры составляла ±5°С.
Показано, что увеличение содержания Sc в сплавах приводит к
увеличению микротвердости с 350±10 МПа (0.2вес.%Sc) до 370±10МПа
(0.4вес.%Sc). Установлено, что ОУП приводит к повышению микротвердости в
1.5-2 раза. Микротвердость образцов после РКУП в пределе погрешности
совпадает с микротвердостью сплавов после ОУП.
Исследования УЭС показывают, что при увеличении содержания Sc
величина УЭС повышается от 3.40 мкОм·см (0.2вес.%Sc) до 3.82 мкОм·см
(0.4вес.%Sc). Установлено, в процессе отжига наблюдается уменьшение
удельного электросопротивления, что связано с распадом твердого раствора Sc
и выделением частиц.
Проведены экспериментальные исследования процесса рекристаллизации
при отжиге (30 мин.) данных деформированных алюминиевых сплавов.
Обнаружено, что температура начала рекристаллизации данных сплавов весьма
высока и составляет 425-450°С. Температура начала рекристаллизации
определялась по металлографическим исследованиям и соответствует
температуре, при которой наблюдалось появление рекристаллизованных зерен.
После отжига (30 мин.) при температуре 475°С средний размер
рекристаллизованного
зерна
порядка
3
мкм,
объемная
доля
рекристаллизованного зерна не превышает 5%. Отметим, что это достаточно
неожиданный результат, поскольку температура начала рекристаллизации в
мелкозернистых сплавах Al-Mg-Sc обычно не превышает 300 оС.
Для объяснения полученных результатов проведен анализ механизмов
распада твердого раствора при отжиге литых и мелкозернистых алюминиевых
сплавов.
Работа выполнена при поддержке гранта РНФ №18-13-00306.
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Исследование свойств высокопрочного композита ZTA, полученного по
технологии керамической 3D-печати (LCM)
Щербак Г.В., Мурашов А.А.
Национальный исследовательский Нижегородский государственный
университет им. Н.И. Лобачевского, Нижний Новгород, Россия
E-mail: kod.sherbak@yandex.ru
Оксид алюминия, упрочненный диоксидом циркония (ZTA), представляет
собой композитный керамический материал на основе оксида алюминия,
упрочненный дисперсными частицами оксида циркония. Основным
преимуществом ZTA, является его повышенная твёрдость и трещиностойкость
по сравнению с оксидом алюминия.
Технология керамической 3D-печати (в зарубежной литературе
Lithography-based Ceramic Manufacturing - LCM) является одним из наиболее
перспективных и передовых методов аддитивного производства керамических
изделий. Благодаря сочетанию высокой
точности печати, малому расходу суспензии
и высокой плотности спеченных образцов,
технология LCM позволяет изготавливать
геометрически
сложные
керамические
изделия
с
высокими
механическими
свойствами.
Целью работы являлось сравнительное
Рисунок 1. 3D-модель образца
ZTA с выбранной системой
исследования физико-механических свойств
координат.
и параметров макроструктуры трех граней
керамического образца, напечатанного на 3D принтере Lithoz с толщиной слоя
в 20 мкм. Грань Z была выбрана таким образом, чтобы ее нормаль
соответствовала направлению послойного построения образца (Рис. 1).
В работе установлено, что высокоплотный (ρотн = 99,39%) композит Al2O3 + 23,4
мас.% ZrO2 с однородной мелкозернистой структурой (d=0,5÷1μm) обладает
следующими значениями микротвердости по Виккерсу (HV10) и коэффициента
трещиностойкости
по
Палмквисту
на
каждой
грани:
•Грань
X:
Hv
=
16,9±0,3
ГПа,
К1с
=
2,9
МПа·м1/2;
•Грань
Y:
Hv
=
16,7±0,4
ГПа,
К1с
=
2,6
МПа·м1/2;
•Грань Z: Hv = 16,4±0,4 ГПа, К1с = 2,3 МПа·м1/2. При индентировании грани Z
ориентация напечатанных слоев перпендикулярна направлению нагрузки. В
случае граней X и Y нагрузка прикладывается в направлении границ слоя, такая
ориентация обычно дает минимально возможные значения механических
свойств для образцов, полученных с помощью аддитивного производства. В
случае образца ZTA, такой тенденции не наблюдается. Полученные свойства
образца сравнимы со свойствами керамических изделий на основе оксида
алюминия и диоксида циркония, производимых традиционным способом.
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